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F O R E W O R D

I l l u s t r a t i v e of the d e v e l o p m e n t of the non-meta l l i c mineral resour-
ces of Montana are the ta l c and graph i t e mines southeast of D i l l o n , theta l c mines south of Ennis, a n d ' t h e v ermicu l i t e nine northeast o f Libby.
The success of these o p e r a t i o n s , and the produc t i on of other non-metal-lic minerals in Montana such as gypsun, po in t s to an ever increas ing de-velopment of this phase of the nineral indus try in the s ta t e which inthe past has y i e lded in the neighborhood of $100,000,000,

T a l c and the other minerals described under this cover are not di-rec t ly related to one another, however this report is the beginning of .a series in which it is intended all known non-metallic mineral resour-ces of Montana will be described. Kyanite and s i l l inani t e are d e s c r i b ed ,
in Misce l laneou s Contributions No. 10. Other nonmetall ic resources arep h o s p h a t e , b e n t o n i t e , gem stones, and op t i ca l c a l c i t e j and of course theproduc t i on of lime, cement, and stone is the basis of important indus-try.

Montana is noted for its large produc t i on of meta l s such as g o l d ,s i lver, l ead, zinc, manganese, and in part i cular copper. Mining ofthese resources has been continuous for over 80 years, and has yie ldeda return of over f o u r b i l l i o n d o l l a r s . The lure of metal mining hasover-shadowed the raining of these le s s glaaorous mater ial s , notwith-standing their vital importance to industry in general. It is hopedthat the pub l i ca t i on of information per ta in ing to the non-metallic
mineral resources will aid i« their deve l opment .

• F r a n c i s A. T h o m s o nDirector
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T A L C , G R A P H I T E
V E R M I C U L I T E A N D A S B E S T O S

D E P O S I T S • I N M O N T A N A
By

Eugene S. Perry

PART I. TALC * ,
General considerations

The mining of talc has been carried on in Montana for about six years, andthis mineral is now being produced in commercial quantities 11 miles southeastof Dillon and 20 miles south of Ehnis. Depos i t s are known at several other .l o ca l i t i e s in southwestern Montana, and some of them may be workable.T a l c is a hydrous s i l icate of magnesium. It is characterized by its ex-treme s o f t n e s s and i t s soapy f e e l . 'In color i t i s l ight-gray to white, andsome verities have a greenish tinge. In texture it is commonly too f in e 'grained for individual par t i c l e s to be .easily;observed and.it may resemblesoap, but it may also be micaceous or f o l i a ted. with f l a k e s or f i b er s visibleto the unaided eye. The name s t eat i t e may be app l i ed to thb pure compact micro-crystalline type s . S o a p s t o n e is a rock containing 50 to 75 per c en t-o f themineral talc toge ther with rock, impurit ie s , and it is not known to occur incommercial depos i t s in Montana. To be of commercial grade soapstone should beof such a character that i\ can be cut or sawed into thin slabs such as areused for table t op s- in chemical laboratories or in electrical switch boards,and the slabs or panels should be f r e e of incipient f ra c tur e s , cracks, orbreaking planes. Serpentine, which resembles ta lc , and which also occurs south-east of Dillon, is considerably harder than talc* .The commercial value of talc lies in its s o f t character, 'its chemical in-ertness, its ability to be f i n e l y pulverized with ease,.and its abili ty to mixreadily with other ingredients when f i n e l y powdered. A l s o it" has the abilityto be "burned" or baked, with or without binder, and with low shrinkage* Itf o rms a porcelain-like product with low heat and electrical conductivity. Inburning a chemical change takes place*Depos i t s of common talc are re lat ive ly p l e n t i f u l in the United S t a t e s andf o r e i g n countries, and s u p p l y exceeds demand; hence competi t ion within the in-dustry is keen and prices are held to a relatively low margin of p r o f i t * Thelarges t volume is used in ceramic produc t s . Excep t ional ly high grade of puretalc is used in manufacture of cosmetics, and special varieties (such as "lava"t a l c ) are used in making radio-tube insulators; such varieties bring premiumprices. Cost of transportat ion is an important item in the sale of the ceramicgrades of talc, and Montana is a long distance from markets. United S t a t e sproduct ion of talc and soaps tone in 1937» an average pre-war year, was 230,000tons valued at $2,562,000, or s l i g h t l y over $ 1 1 ' p e r ton. • .About 90 percent of the talc marketed in United S t a t e s is pulverizedbe fore sale. It ig used in the manufacture of certain p a i n t s ' ( u 8 / Q , paper( 1 6 £ ) , r o o f i n g materials (11J6), rubber (HJO, toilet powders (3%)t foundaryf a c i n g s , ceramic produc t s , and many other produc t s . Only the f ine s t and purestgrades are oised in toi3«t powders, lot ions, and f a c e cream. An unusual variety,
- JL -
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k n o w n ' c o m m e r c i a l l y as "lava" ta l c , can be machined into intricate shape s in crudef orm, burned into a f i n i s h e d product resembling porce la in without change in shapeor size, and in this f o rm it is used as an insulator and spacer in vacuum tubesand e lec tr ical instruments. It is said that there is no s a t i s f a c t o r y s u b s t i t u t e ,and also that the Montana material is superior to impor t ed material which hass u p p l i e d most of the market. Ceramic ( c o m m o n ) , cosmetic , and lava ta l c all have
been mined and marketed f r o m Montana,

General G e o l o g y
G e o l o g i c a l l y , in Montana talc is known to occur only in rocks of two gee-logic ages. i, small vein-like d e p o s i t about one mile south of H e l e n a was de-ve loped in dolomite of the Pi lgr im format ion of Cambrian age. T h i s d e p o s i t hasbeen p r a c t i c a l l y worked out, but it is of much geo log i c s i g n i f i c a n c e . The larg-est d e p o s i t s occur in dolomit i c marbles in the Cherry Creek series of early pre-Cambrian age in a region UO miles across ex tending f r o m K a d i s o n River valley nearEnnis to Blackball Deer Creek valley near Dillon. ( S e e Pla t e 2, A). The twocommercial mines now operat ing on Axes Creek southeast of Di l l on and on JohnnyG u l c h south of Ennis are in this area* Other d e p o s i t s in this area are on T i m b e iGulch and Carter Creek near Dillon and Granite Creek and Idaho Creek near V i r g i n iC i t y . Minor occurrences of ta l c have been observed in several other l o c a l i t i e s ,and in a few p lace s opened by p i t s . It may be e xp t e c t ed that minor amounts oftalc may be found in the marbles of the Cherry Creek series almost anywhere inthis area, al though it is not l ike ly that l arg e commercial bodie s are present anchave been overlooked*The Cherry Creek series, named by Peale in 1896 f rom a creek by that name20 miles south of Ennis, is a most intensely metamorphosed series of early pre-Cambrian s chi s t s , p h y l l i t e s , l ight- and dark-colored gnei s s e s , a m p h i b o l i t e s ,s chi s tose quartzi t e s , and coarsely crys ta l l ine marbles, l o ca l ly containing gar-net, s taurel i t e , kyanite, . s i l l imanite, end similar minerals. The thicknes s hasnot been measured accurately, but it probably is in the order of f our to sixthousand f e e t . I n d i v i d u a l beds of characteris t ic rock type s f r o m a few inchesto several f e e t in thickness may be di s t inct and well d e f i n e d , and the thickerunits may be traced in outcrop for several miles. The series is d e f i n i t e l y ofs edimentary origin, but it has been intruded by dikes and s i l l s some of whichare metamorphosed. Both m a j o r and minor f o l d i n g are preva l en t , and in somep la c e s f o l d i n g is isoclinal or overturned. Crumpl ing of beds is common.Of part icular interest in talc p r o s p e c t i n g are the zones of marble in theseries. As observed on Axes Creek , at ler.st six marble meirbers are pr e s en t , andsome are UOO to 800 f e e t or more in thickness. The amount of marble to be obser-ved in the series decreases eastward, and members of the series cannot readilybe correlated between Dillon and Ennis. Because of the abundance of the marblein the series on Axes Creek it is sugge s t ed that the rocks in this area be ca l l edthe Axe s Creek phase of the Cherry Creek series, and that the name Cherry Creekbe retained for these rocks over the entire region. A de ta i l ed study of thisseries of rocks is being made by E» T/, Heinrich for Montana Bureau of Mines andG e o l o g y during 1 ° U 8 .T h i s complex series of rocks, known to be present in a region 75 miles ormore across underl i e s f o l d e d Cambrian strata. The Belt series of late pre-.Cambrian age is absent in this part of Montana, but as determined by degree ofmetamorphi sm, it is very much younger than the Cherry Creek series. The base ofthe Cherry Creek is in question. Commonly at the base is a highly metamorphosedseries of f e l d s p a r gneisses in which crumpled bands are conspicuous. T h i s g n e i s fseries could be metamorphosed sediments older than Cherry Creek, but more l ike ly
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it is a metamorphosed mass of igneous rock such as granite which was intrudedinto the Cherry Creek prior to its intense regional metamorphism. The termPony series is commonly a p p l i e d to the gneiss series.T a l c is believed to have originated by the action of hydrothermal (hotwater) solutions acting upon magnesium-bearing rocks through which the solu-tions passed, the prooess having occurred when the rocks were d e e p l y buried.T a l c is not believed to form by action of the surface waters. Elsewhere thanMontana talc occurs in dark-colored igneous rocks and gneiss as well as incrystalline dolomitic marble, but no occurrences of importance other than inmarble are known in Montana.The Dillon, Ennis, and intervening talc d e p o s i t s are all similar in gen-eral occurrence. Small vein-like bodies one-quarter inch to 2 or 3 inchesthick l o ca l ly appear in the marble, extend 1 to 5 f«et and then cease. Largebodies , which may be in the order of 50 f e e t wide and 300 f e e t long, are irreg-ular in shape and cease to be vein-like. Most of the bodies lie paral l e l tothe original bedding, traces of which show in the marble, but they may also cutacross b edd ing planes. In large talc bodies, blocks or cores of unalteredmarble may lie within and be entirely surrounded by talc. Pract i cal ly all con-tac t s between talc and marble are sharp. Disseminations, noticeable in handspeciman, of talc in marble or marble in talc are seldom observed, althoughmicroscopic s tudies show talc disseminated in marble. I m p u r i t i e s , e s s en t ia l lyunaltered rock, may be present in the talc locally.Some d epo s i t s are unusual in that crys tal l ine graphi te in parallel f l ak e sas much as one-eighth inch across are thickly d i sp er s ed through the ta l c , thealinement being paral le l to that of the talc body and the b edd ing of themarble. Other d e p o s i t s appear to have contained pyri t e , the evidence of whichnow consists of limonite (iron o x i d e ) scattered through the talc in small lumpsor pseudomorphous crystals a f t e r pyrite. S i l i c a t e minerals such as tremoliteare so rare as not to be commonly observed with the unaided eye. Graphi t e ,l i m o n i t e , ' o r rock impurities in some Montana talc makes it un sa t i s fa c t ory forindustrial use, however many large bodies of talc are comple t e ly f r e e of these.
impurities.

T a l c Depos i t s East of Dillon
Location and t opography: The largest production of talc in Montana comesfro» a depos i t on Axes -Creek, 11 miles southeast by road from Dillon, thenearest sh ipping point. A large body of massive talc near creek level has beenopened by the T r i - S t a t e Minerals Company of Los Ange l e s by means of an opencut, adi t s , a v%inze, and d r i f t s at a lower level. During 19U6 approximately5,000 tons of broken but uncrushed talc were marketed. T h i s company also hasopened depos i t s on Carter Creek seven miles northeast, and on Timber Creek twoand one-half miles southwest from the Axes Creek d e p o s i t , and has investigatedother depo s i t s in southwestern Montana. Commercial shipments have been madeonly from the Axes Creek depos i t by this company. ( S e e p late 2, B.)Dillon, popula t ion about 3000, is the county seat of Beaverhead Countyand the largest city in this part of Montana. Farming and stock raising arethe principal industrie s , but considerable metal mining is also carried on inthe vicinity. The city is serviced by a branch line of the Union Pac i f i c Rail-way extending f r o m S a l t Lake Ci ty to Butte, and an oiled highway, U. S. 91.F a i r to good roads radiate into the surrounding mountains and valleys. Thea l t i t u d e of Dillon is 5090 f e e t above sea level.The t o p o g r a p h y of this region is characteristic of that of western Montanawherein high rugged mountain ranges trending north to south are separated bybroad re la t ive ly level val leys containing hundreds of f e e t of lake and alluvial
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material is not crushed or m i l l e d , a l though hand-sort ing is p r a c t i c e d to removeblocks of l imes tone or impure material. The talc is washed to remove clay im-p u r i t i e s b e f o r e being hauled by trucks to Di l l on , from v/hich point it is shippedto Ogden, Utah, for f ur th er treatment b e f o r e being marketed.Carter Creek Depo s i t ; The depo s i t on Carter Creek, knov.n by the operatorsas the Keys tone mine, is eight miles northeast of the Axes Creek d e p o s i t , and13 miles east of Dillon by roads easily traveled in dry f ; ea ther . ( S e e p l a t e 2 ).It is low in the f o o t h i l l s of'the range, and l ies in one of the mrrble membersof the Cherry Creek series as does the A x e s Creek d e p o s i t . Metamorphosed quart-zite is not as soc iated with the marble as it is on Axes Creek. Exposures ofthe irregularly-shaped depo s i t of talc are in an area about U50 f e e t long andabout 100 f e e t -wide; and a s h a f t 60 f e e t d e e p , together with over 300 f e e t ofd r i f t s at its bottom are all in talc ( f i g . 1). Several small s eparate bodiesof talc lie to the northeast and southwest within 500 f e e t , and veinlet s and ir-regular masses a few inches thick and a f o o t or two long are scattered throughmuch of the marble member which appears to be about 600 f e e t thick* The irreg-ular d e p o s i t , al though in part paral l e l to b edd ing in the marble, also cutsacross b edd ing l o c a l l y , and it appears to have a northwesterly plunge acrossbedding and beneath surface exposures of marble. The marble d ip s about 50° NW,Dolorite dikes perhaps 25 to 50 f e e t thick cut the marble in this l o ca l i ty .The t a l c , which is l ight-gray, dense, and f ine-gra ined , is of good qualitybut contains many small lumps of limonite (iron ox ide) a p p a r e n t l y al tered from 'pyr i t e scattered through the body. Some graphi t e occurs sparingly in the talc.The presence of l imonite , which cannot be separated in mining, yields a colorto the pulverized product causing it to be less s a t i s f a c t o r y for uses where apure white talc is de s ired, and the depo s i t has not been worked for the market.The deposi t is, however, a large potential reserve of commercial talc suitablefor many uses.
T i m b e r Gulch D e p o s i t ; The Timber Gulch d e p o s i t , known by the operators asthe Crescent mine, is three mile s south of the Axes Creek d epo s i t . ( S e e p l a t e3.). It is accessible by automobile on a dirt road which branches off the roadto the Axes Creek depo s i t and f o l l o w s southward along the main valley. It l iesnear the margin of the va l l ey- f i l l of Blacktail Deer Creek at the f o o t of themountain s lope. Two members of impure marble, 10 to 15 thick end separated byabout 150 f e e t of micaceous gneis s , have l o ca l ly been repiced ent ire ly or inpart by talc. I n t e r m i t t e n t exposures of talc may be f o l l o w e d for 800 to 1,000

f e e t along the strike of the marble, which d i p s northwesterly at about 50degree s . A shallow incl ined s h a f t and p i t s expose the talc to a d e p t h of 1C to20 f e e t . The marble is much decomposed l o c a l l y , and may appear as a brownishf r iab l e rock which can be crumbled in the hand. Passive p egmat i t e dikes occurclose by.
The d epo s i t is unusual in that d i s s eminated through the talc are thinf l a k e s of crystal l ine g r a p h i t e up to one-eighth inch across, the quantity ofg r a p h i t e in p l a c e s amounting to p erhap s one-half of one percent. The f l a k e s liep a r a l l e l to one another, and to the bedding of the marble, and the individualf l a k e s are d i s t inc t ly separated f rom each other. F l a k e s of graphi te and grainsof talc and other s i l icate minerals are disseminated in the marble. The talci t s e l f is gray and f ine-grained, and of a commercial qual i ty , but the presenceof graphi t e in the talc has caused the abandonment of the d eoo s i t , at least forthe present time.
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T A L C D E P O S I T S S O U T H O F E N N I S
The ta l c d e p o s i t s 20 mi l e s south of Ennis l ie about U mile s f r o m S t a t eH i r h w a y Mo. 191,"up J o h n n y G u l c h in the low f o o t h i l l s on the east s ide of theGrave l ly Range. ( S e e p l a t e 2-, A). Ennis i s a small tov.n with p o p u l a t i o n ofabout UOO, but the nearest s h i p p i n g point is N o r r i s , p o p u l a t i o n about 75,which is at the ond of a oranch line., of the N o r t h e r n P a c i f i c Railway about 35miles north o f J o h n n y G u l c h . S t a t e H i g h w a y 191, which p a s s e s through N o r r i sand near Johnny G u l c h , is a modern o i l - sur fac ed road, readi ly traveled through-out the year. The road f r o m the highway up Johnny Gulch to the ta l c d e p o s i t scrosses Madison River on a s teel br idge known as M c A t e e Bridge , and al thoughe s s e n t i a l l y a dirt road may be traveled most of the year. S t o c k raising andsome metal mining are the chief industries in this region. The a l t i t u d e ofMadison River valley is about 5000 f e e t , and of the summit road along Grave l lyRange, 9000 to 9500* f e e t . A l t i t u d e of the talc d e p o s i t is between 5500 and

6000 f e e t .G e o l o g y ; The Gravel ly Range is made up mainly of Paleozoic and Mesozoicstrata bent into broad open f o l d s by Laramide (Rocky i iountain) orogeny ormountain making. The p r e — C a m b r i a n metamorphic complex is e xpo s ed low in thef o o t h i l l s on the east side by erosion of overlying Cambrian s trata. A l o n gMadison River valley the metamorphic rocks are buried beneath alluvial and laked e p o s i t s . The uppermost pre-Cambrian Belt series, so wide spread in north-
western J l o n t a n a , is absent in this region.The metamorphic rocks, named the Cherry Creek series a f t e r the f i r s t creeknorth of Johnny G u l c h , are somewhat d i f f e r e n t f r om those on Axes Creek, notonly in l i t h o l o g i c character, but also in the sequence of the various members.T h e y consist of l igh t- and dark-gray gne i s s e s , mica s ch i s t s and p h y l l i t e s ,s ch i s t o s e; q u a r t z i t e s , and d o l o m i t i c marbles, and exce l l ent exposure s of theseries show in bands which have a general northeasterly strike. A l t h o u g h asprevious ly s tated the series is of s ed imentary origin, metamorphi sm hr.s pro-ceeded so far that all original sedimentary minerals are changed to metaniorphicminerals , and s edimentary s truc ture s such as r i p p l e mr.rks have c o m p l e t e l y dis-appeared. C r y s t a l s ( m e t a c r y s t s ) of garnet , s tauro l i t e , kyani t e , and similarminerals are p l e n t i f u l in the gneiss and s ch i s t , and in p l a c e s may const i tuteo n e - f o u r t h of the rock. D e p o s i t s o f kyanite (aluminum s i l i c a t e ) as soc iatedw i t h p e g m a t i t e in the p n e i s s i c area six miles north of J o h n n y G u l c h are poten-t i a l l y commercial. The beds of tha Cherry Creek series have been c l o s e l y com-
pre s s ed by f o l d i n g ; d i p s are commonly more than 60 degre e s , and in many p l a c e sb e d d i n g s tand s nearly ver t i ca l . An area of gray gnei s s south of Ruby Creekprobably corre sponds to the Pony series.Marble appear s in several bands s triking across the area, but there maybe r e p e t i t i o n by f o l d i n g . The large s t area of marble, and the area in whichthe commercial d e p o s i t s of ta l c l i e , is between Johnny G u l c h r.nd Cherry C r e e k jit is about 5 mile s l ong in the d ire c t i on of the s tr ike of beds and 1^ mile swide. The rock weathers to d ir ty brown granular sur face s which look dark inthe d i s tance . Due to its re s i s tance to v / ea ther ing it f o r m s a conspicuousr idge known l o c a l l y as Black Poin t , e x t end ing perhap s h a l f a mile into Madi son
V a l l e y . For this reason the marble has been ca l l ed the Black Point do lomi t e ,however the writer f e e l s it is better riot to name members in the Cherry Crec-kseries permanently until the sequence, thickness , and character of the variousunits are d e t e rmined . B e d d i n g in the marble at Black Point s tands nearly ver-t i ca l , and the writer is of the opinion that the one and one-hald mile widthof the area resul t s from r epe t i t i on of beds oither by f a u l t i n g or f o l d i n g .
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Talc in minor quantity has been observed in the areas of marble other thanJohnny G u l c h , and one d epo s i t about l£ miles north of Morgan Gulch was openedby a shal low s h a f t and p i t s sunk by the T r i - S t a t e Minerals Company. It wasabandoned because of low grade and lack of quantity. Small local d e p o s i t s ofmanganese oxide, v;orked during W o r l d War I, are present in several of themarble areas. On Cherry Creek such a d e p o s i t contained much hematite (iron ox-id e). T h e s e minerals are apparen t ly s u p e r f i c i a l . M e t a l l i f e r o u s mineralizationis present as veins in the gneis se s and s ch i s t s , but no commercial mines haveas yet been deve loped .Evidence of igneous activity, other than pegmat i t e dikes and late lavaf l o w s , has not been observed in the area. Probably dikes or s i l l s are present,but the nearest observed large mass of intrusive igneous rock is the TobaccoRoot bathol i th about 25 .miles north of Johnny Gulch near N o r r i s » Basalt f l o w scap parts of the crest of the Gravelly Range, and small patches of rhyoliticlava rest on the metamorphic complex in several p l a c e s • Some of the rhyoliteis within the talc-bearing area.Johnny Gulch Depos i t s; The talc d epo s i t s on Johnny Gulch ( S e e p la t e U)occur as i so lated bodies in relat ively pure marble over an area at least 2000f e e t long and 800 f e e t wide, and ta l c may lie beneath a soil covered area im-mediately west. Showings of talc also occur ij to 2 miles west of the d epo s i t snow being worked. In the area being mined, f ive or six bodies opened by cutsand adit s are 100 to 150 f e e t long and 25 to 50 f e e t wide, and many smallerbodies are present. A l m o s t innumerable small masses or veinlet s of talc appearand d i sappear abruptly in the marble of the talc-bearing area. All the bodiestend to be elongated in the direct ion of strike of b edd ing in the marble, butthe larger bodies are irregular in shape, and in part may cut across bedding.The bodies appear to continue ver t i cal ly in d ep th , however bedding in themarble d ip s at angles ranging f r o m 80 to perhaps 88 degree s . Probably the de-p o s i t s cease in the vertical dimension as r a p i d l y as in the horizontal. P i t s ,trenches, s h a f t s , a d i t s , and underground workings, numbered up to 18, have beensunk into the larger d e p o s i t s , and many unnumbered p i t s have been dug. Inplace s the thin soil covering has been removed by bul l-dozer cuts.The talc d i f f e r s somewhat in appearance f rom p lac e to p l a c e , and d i f f e r e n tgrades are classed as ceramic, cosmetic, and lava. The d i f f e r e n c e between cer-amic and cosmetic appear s to be a matter of puri ty, or color, but lava talca p p a r e n t l y owes its peculiar p r o p e r t i e s to some physical condit ion within thetalc , po s s i b ly a permeabili ty. That type called cosmetic commonly occurs inconcretion-like masses up to 6 or 8 inches in diameter with interior radiatingtalc s tructure, these concretionary masses lying vithin a body of massive talc.Most of the talc is massive and so fine-grained as to resemble soap in appear-ance, but some is granular or micaceous. T h a t type known as lava generally hasdendr i t i c ( f e r n - l i k e ) growths of black manganese oxide reaching into the talcf r o m f rac tur e p lane s in most intricate and p l e a s i n g p a t t e r n s , but some lavatalc is without dendrites . Colors of the talc range f rom white through light-gray to dark-gray, but commonly greenish or bluish t inges appear. Crushedzones within the talc are present. Some ta l c shows an indist inct banded struc-ture in tones of gray, the darker gray result ing from microscopic black specks,p o s s i b l y iron oxide or carbon. In some p la c e s this banding is crumpled similarto drag f o l d s , a condition which the writer believes is residual from pre-exis t ing marble which has been r e p l a c e d by talc^ ( S e e p l a t e ?),The lava grade ta l c , which occurs mainly in pit no. 9 but aj.so in otherp l a c e s nearby and on the Queen Claim l£ miles westward, is associated with muchpowdery and compact iron oxide and some manganese oxide in a thick mantle ofsoil and weathered rock. S o l u t i o n cavities containing oxide material extend
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downward into the marble. It appears that the development of this type oftalc is related to intense conditions of weathering since the original talcdepo s i t i on , and it is po s s i b l e that the presence of the iron and manganeseoxides have some bearing on its development. Chemical c ompos i t i on of lavatalc f r om pit 9, and ceramic talc f r om other p i t s is not mater ial ly d i f f e r e n t
as shown by the f o l l o w i n g analysis.

Pit 5Pit 7Pit 9
61.70 %61.29 %61.76 %

Analyse s of T a l c ( ^
CaO
T r .T r .T r .

1.29 %1.36 J J1.33 %
1.55 %1.3U %1.51 %

S. Bur. M i n e s )
KgO Na^o

32.Ui % 0.37 %31,26 % .26 #31.95 % .27 £
O.U6 *..33 '%.32 %

W a l l s of the larger bodies of talc are irregular and may .show bowl-shapedbulges or recessions in the marble. A l s o " r i b s ' 1 of marble may be present with-in the body of talc , however, s i l i cate minerals other than talc are se ldomobserved, at least with unaided eye. Coarse ly crystal l ine ca l c i t e , both whiteand colored, occurs l o c a l l y . J a s p e r (a brown f ine-grained iron-bearing varietyof quartz) is p l e n t i f u l in irregular and vein-like masses para l l e l ing strikeof beds in the central part of the area. Although within a few f e e t of talcbodies, there is no apparent direct relationship. Kuch j a s p e r is also presentat the southern end of the area where it appears to occur as irregular masses
r ep la c ing marble.The Johnny Gulch d e p o s i t s were discovered by Lewis Clark on his homesteadshortly a f t e r the turn of the century, and later were opened by shallow p i t s ,In 19U2 L. F. T e u t s c h obtained a lease on the p r o p e r t y , and, operating underthe name of Mountain Talc Mines , carried on exploration by d igg ing larger p i t sand driving adi t s into exposures of ta l c . The "lava" grade talc was soon rec-ognized by eastern consumers, and with war-time demand for this importantmaterial , deve lopment proceeded r a p i d l y , in part by aid of the U . S . Bureau ofMines. Commercial quantities of the lava talc were found only at the one lo-cal i ty known as Pit No. 9, and exploratory work as well as mining was concen-trated on this d e p o s i t . A 2l*0-foot a d i t , known as Madi s on tunnel, was drivenby the T r i - S t a t e Mineral s Co. into the hill s l ope so as to cut the d epo s i tabout 80 f e e t beneath the sur fac e . S o o n a f t e r a 75-foot s h a f t was sunk throughthe out-crop of ta l c by the U . S . Bureau of Mines , and d r i f t s driven at itsbottom. Lava talc was found at d e p t h in narrow vein-like bodies cutting f r e s hmarble, but it could not be mined without shattering, and hence could not beproduced commercially.Early work was concentrated o n t h e lava grade t a l c , and the f i r s t ship-ment of UOOO pounds sent by express to the American Lava Corporat ion ofChatanooga, Tenn. , was made in December 19̂ 2. In the f a l l of 19U3 and spr ingof 1 9 U U , while exploratory work was being carried on, it is reported that 37tons of the critical mineral was mined and shipped during the winter, and 90tons during the f o l l o w i n g spring. S h i p m e n t s have continued f r o m time to time.A l t h o u g h large quantities of ceramic talc are p r e s e n t , only a relativelysmall amount of this material has been s h i p p e d , large ly due to di s tance fromrailroad and low value. The variety classed as cosmetic talc has been sh ippedas s u p p l y and market demand permitted. Informat ion is not at hand to calculatetotal reserves, but it is believed that many thousands of tons of ceramic talcis available for mining, and much is present in mine dumps.
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Mining has been mainly by open cut methods , a l though short adi t s have bedriven. The Bureau of Mines 75-foot s h a f t and d r i f t s were d r i ' v c n l a r g e l y forexploratory purpo s e , and although lava grade talc was present at d e p t h , 'ship-ments of this grade came f rom the open cut near the co l lar of the s h a f t wherelarger blocks could be more readily obtained f r o m weathered and d i s in t egra t e cmaterial. Pieces weighing 5 pounds or more are de s ired. The blocks v:eretrammed from the pit to a sor t ing f l o o r where they were c l a s s i f i e d l a r g e l y bjsize and f r e e d o m f r o m c racks, then hauled by truck .to Norr i s . The operat ionrequires much hand labor. Cosmet i c ta l c is obtained large ly by se lec t ive mirin those portions of the d e p o s i t s where this grade of talc is present. T h i svariety is par t i cu lar ly p l e n t i f u l in Pit 18. Ceramic talc v.ras s h i p p e d f r o m £large open cut and adit known as Lower Pit £•
•*• ' W a.

Other T a l c Depo s i t s in the Cherry Creek S e r i e s
T a l c has been observed in the marbles of the Cherry Creek series of t h i fregion at l o ca l i t i e s other than those already described. ( S e e p l a t e 2-A )•One about two miles up Granite Creek north of Virginia C i t y occurs in a 65-f o o t marble member which d i p s southeast at 80 degrees . It is opened by a sheadit and shallow pi t s . Small stringers and replacement bodies of talc may b<observed, and hand specimens of f a i r l y good talc maybe obtained; however, meof the talc is impure, and talc of s h ipp ing grade in quantity is not e x p o s e d .Another deposi t is reported to be present southwest of Virginia City onI d a h o Creek. The hand specimens of the talc are good , but as a ' w h o l e the de-posit is said to be small and the average material impure.As is to be inferred f r o m the preceding d e s c r i p t i o n s , p r o s p e c t i n g for t.-should be c on f ined to areas of do l omi t e , dolomit ic l imes tone , or do lomi t i cmarble, in the proximity of igneous activity.

T a l c Deposit South of Helenai
The talc depos i t south of Hel ena is about' one-quarter mile south of thecity limits at an old abandoned quarry f r o m vhich rock was obtained for themanufacture of lime. In this early operation a mineral vrhich would not burnto lime was recognized, but it is said that the mineral was not i d e n t i f i e duntil years later. In 1935 Mr. J a m e s K c K e l v e y of H e l e n a , owner, began mininithe d e p o s i t , and in the course of a year several hundred tons valued at £10 iton were sh ipped to eastern markets. The depo s i t of visible talc proved sma^and was soon exhausted, and with no new di scoverie s , operat ions ceased.
CLalflSy-* <^ie ^a' !" c aPP e a r s t o b e a replacement along a f i s sure cutt ingmassive do lomi t e of the P i l g r i m f o r m a t i o n of Cambrian age, total thickness o:the : dolomite being about 800 f e e t . T a l c may be traced in t ermi t t en t ly for 35<f e e t along the surface. Irregular vein-like bodies and small stringers rang*in thickness f r o m le s s than one inch up to six f e e t . V e r t i c a l l y a body may <tend 12 f e e t or more. Dimensions of the l a r g e s t s tope driven in talc are:l ength 35 f e e t , width 6 f e e t and height 8 f e e t . In this s t ope the t a l c bodyd i p s s t e e p l y to the southeast, whereas the s trata dip northeast 30 degrees .Prospec t ing has not been carried on to d e p t h , and it is hot d e f i n i t e l y knownaddit ional bodies of ta l c underlie the present workings.Y / i t h i n the talc , irregular masses of unreplaced dolomite f rom a f r a c t i oof an inch to a f o o t or more across are s cat t ered irregular ly, and l o c a l l y tstreaks of chalcedonic quartz ar'e present in the ta l c . The walls are irreguand in p lac e s s i l i c i f i e d . Although the ta l c-dolomite contacts may appear shly cut as seen in the ground, microscopic s t ud i e s show gradation across
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such boundaries. In p l a c e s limonite altered f r o m pre-exist ing pyrite ispresent in the talc. The talc i t s e l f is charac ter i s t i ca l ly white, and most ofit is so f ine-grained that it s u p e r f i c i a l l y resembles soap. In p la c e s thetalc is coarse enough so that individual f l a k e s up to 1/25 inch across may beseen in rad ia t ing clusters or small ve inle t s cut t ing f iner-grained talc . A l s othe coarser material appears to be a d j a c e n t to the do l omi t e contacts . Underhand lens the f l a k e s have a pearly luster.The Cambrian strata in this l o c a l i t y are bent into large open f o l d s , andf a u l t i n g occurs l o ca l ly . About one-half of a mile southward a diorite dikecuts the strata, and a short distance beyond is granitic rock of the Boulderba tho l i th . Small intrusive stocks related to the Boulder ba tho l i t h are present•within one mile to the north. Age .of the intrusives is late Cretaceous orearly Tert iary. The sedimentary rocks throughout the area have been much al-tered by igneous action, and their appearance d i f f e r s from that in regionsu n a f f e c t e d by igneous activity. No p e g m a t i t e dikes have been observed in thevicinity of the talc depo s i t s . T h i s part of Montana has been one of the mostimportant go ld-produc ing areas in this state.Unquestionably the. talc is a replacement of do l omi t e , and it must havebeen developed by hot solutions escaping f rom below. An analysis of the Pil-grim dolomite f r o m this l o ca l i ty shows u3.3 percent magnesium carbonate and5U«6 percent calcium carbonate, and this may be the source of the magnesium inthe talc. Of interest are the age r e la t ionsh ip s , wherein the talc must havebeen deve loped in Ter t iary time subsequent to the intrusion of the igneousmasses. By inference this may have a bearing on the age of the other talc de-
p o s i t s in Montana near Dillon and Ennis t

P Y R O P H Y L L I T E N E A R A R G E N T A
The ta lc- l ike mineral, p y r o p h y l l i t e , has not been produced commerciallyin Montana, a l though d e p o s i t s of it are known* A d e p o s i t which may be com-mercial in size and grade occurs one-half of a mile northeast of A r g e n t a , 12miles northwest of Dillon. It lies about 300 f e e t north of Ratt le snake Creekand about 50 f e e t higher in elevation, low down on the ro l l ing h i l l s whichrise northward f r o m the creek.P y r o p h y l l i t e is a hydrous aluminum s i l i cate so similar to t a l c that thetwo may not be eas i ly d i s t i n g u i s h e d , except by chemical te s t s . The presenceof magnesium in talc and of aluminum in p y r o p h y l l i t e d i s t ingu i sh e s these twominerals.Principal uses of p y r o p h y l l i t e are in the ceramics industry wherein it isused as an ingredient in manufactured product s similar to those made from talc.H e n c e it is a compe t i t or of ta l c , but it has not entered into use as exten-s ively, p o s s i b l y because known d e p o s i t s are not as p l e n t i f u l or as well devel-oped. North Carolina is the principal producer, al though it also occurs inC a l i f o r n i a . V a l u e of crude material is not grea t ly d i f f e r e n t f r o m that ofceramic talc , which in crude f o r m ordinarily ranges f r o m $10 to $20 per tonat the mines for good grades.The A r g e n t a d epo s i t of p y r o p h y l l i t e occurs as nearly vertical tabularbodies cutting granitic igneous rock. The mineral has developed by alterationin place of the original rock. There are no d e f i n i t e walls to the alteredzone. P y r o p h y l l i t e is exposed in two large pi t s- up to 15 f e e t d e ep in thealtered zone, and it also shows elsewhere in an area about 200 to UOO f e e tacross. In general, in this l o c a l i t y the igneous rock is relatively unaltered.However, bands of what appeared to be nearly pure p y r o p h y l l i t e 2 to k f e e t
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across may be seen in the f a c e of the p i t s . T h e s e bands are inter spaced withbands of a somewhat impure material vvhich has a sandy appearance . A sample ofthe more pure part of the p y r o p h y l l i t e d e p o s i t when panned y i e lded 10 to 15 per-cent of milky quartz in grains up to 1/10 inch in diameter. The p y r o p h y l l i t e isextremely f i n e grained. P r a c t i c a l l y no iron-bearing ( b l a c k ) minerals are pres-ent in the altered zones, but they show in unal tered rock.The strike of the altered zones is nearly due north, but d e f i n i t e evidenceof prominent f i s s u r e zones is obscure. The ignecus body is a small local intru-sion, somewhat stock-like in character, which cuts the a r g i l l i t e s and quartzi te sof the Belt series of pre-Cambrian age. The age of the intrusive is no doubtlate Cretaceous or early Ter t iary , as are other intrusive masses in thi s generalregion. M e t a l l i f e r o u s d e p o s i t s , par t i cu lar ly those of g o l d , s i lver, and l ead ,are p l e n t i f u l near A r g e n t a v;here mining began in about 1865, and has been carriedon in t ermi t t en t ly since that time.
The f u t u r e of th i s p y r o p h y l l i t e - i epo s i t would seem to depend on the i n i t i a t i v eof l o ca l p r o m o t e r s , the q u a l i t y of material which can be p r o d u c e d in s h i p p i n g

q u a n t i t i e s , and the market demand. The ;*recence of l a r g e commercial d e p o s i t s of agood grade of t a l c in th i s part of Lontana, which are boin;; e f f i c i e n t l y o p e r a t e d ,
d e t r a c t s f r o m the p o s s i b i l i t y o f the pre s ent s u c c e s s f u l d e v e l o p m e n t o f the
p y r o p h y l l i t e . .

E x p l a n a t i o n
D j J e f f e r s o n l imes tone•edc Dry Creok shale•Cpg P i l g r i m do l omi t e•€p Park shale•6m Meagher d o l o m i t e•Cw W o l s e y shale

•Cf F l a t h e a d quar tz i t eAb Belt series
qm Quartz monzonite
S c a l e : 2 in. s 1 mi.

F i g u r e 2 . — H a p showing l o c a t i o n o f t a l c d e p o s i t south o f H e l e n a .
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P A R T I I . G R A P H I T E
General C o n s i d e r a t i o n s

r r v s t a l l i n e g r a p h i t e of a qua l i ty equal to that i m p o r t e d into the U n i t e df r o n c<ylon occurs in co-.-irnercial d e p o s i t s s ou th ea s t o f D i l l o n . About
? * 5 o O S t o n s ' o f concentrate s have been marke t ed . D i l l o n , with a p o p u l a t i o n o ft 3 000 is the county seat of Beaverhead County. It is on a branch l ine

f the Union P a c i f i c Rai l road , and also on U. S. H i g h w a y No. 91. It is theincipal ci ty in southwestern Montana where agr i cu l tur e , c a t t l e ra i s ing , and
intning are the ch i e f indus tr ie s .C r y s t a l l i n e g r a p h i t e , which is pure carbon, is one of the most ea s i lyi d e n t i f i e d minerals because of its extreme s o f t n e s s , and the black s treak ornark it makes when rubbed on p a p e r . It occurs in shining b lack f l a k e s andgrains f rom microscopic sizes up to c ry s ta l l in e lumps one-half inch or more inlength. It may be c o n f u s e d with molybdenite (molybdenum s u l p h i d e ) but thatmineral reacts v igorous ly / h e n heated with nitric acid whereas g r a p h i t e is in-active. Furthermore m o l y b d e n i t e has a b lui sh t inge of color. Amorphou s carbon
fG«sphi t ' f c) £ s dull a id earthy, re sembling soot f rom a stove.* G r a p h i t e is used in the manufac ture of ne ta l lurg i ca l crucible s and re latedp r o d u c t s , spec ial kinds of ba t t er i e s , e l e c t r i c brushes and other e l e c tr i calequipment, graph i t e p a i n t s , and certain t y p e s of lubr i cant s . Some g r a p h i t e i sused in f oundry f a c i n g s , and there are many other uses. G r a p h i t e of variousg r a d e s ' i s produced in many countries . It occurs in many s tate s of the U n i t e dS t a t e s and is p roduc ed in several. The to ta l demand is r e la t iv e ly s m a l l , andin normal times about equals the s u p p l y . The pr ice of c r y s t a l l i n e g r a p h i t eordinarily ranges f r o m £80 to $,200 per ton (h to 10 cents per p o u n d ) , butduring war-time d e m a n d , pr i c e s have been much higher.In normal peace-time year s .produc t i on of natural graph i t e within theUnited S t a t e s will average about 2,000 to 3,000 tons per year each of crystal-line and amorphous grades . C r y s t a l l i n e g r a p h i t e is valued at about $60 to $90and amorphous grade s about &.1U per ton; however, U n i t e d S t a t e s p r o d u c t i o n ofnatural graph i t e has f l o u r i s h e d only in t imes of war when i m p o r t a t i o n of high-grade f o r e i g n g r a p h i t e has been grea t ly c u r t a i l e d , and den.and caused an in-crease in price of the d o m e s t i c g r a p h i t e . I m p o r t s into the U n i t e d S t a t e snormally are about 2,000 to 3,000 tons of c r y s t a l l i n e f l a k e , 6,000 to 8,000tons of c ry s ta l l ine d u s t , and about 10,000 tons of amorphous g r a p h i t e , wi threspective values averaging $.90, $65, and 015 per ton. A subs tant ial quantityof a r t i f i c i a l g r a p h i t e i s m a n u f a c t u r e d . Conmercial grade s of natural g r a p h i t eshould contain not l e s s than 85 percent carbon, and 90 percent or more is
des ired. Most o f the i m p o r t e d amorphous g r a p h i t e comes f r o m M e x i c o , whereasthe bulk of the i m p o r t e d c r y s t a l l i n e p r a p h i t e comes f r o m F r a n c e , C e y l o n , andMadagascar.

in

the

C r y s t a l G r a p h i t e Mine
f f i" l l o n d e P ° s i t s l ie near the head of T i m b e r and Van Camp gul che s highRuby Mountains east of Blackta i l Deer Creek at the end of a ridge knownA graded £-ravel road ex t end s 7 rd l e s south f r o m D i l l o n alongrf ^r e e k to a good nountain road, eas i ly t rave l ed by automobi leRK, > i r e a t h e r * v ' h i c h continues 9 j miles t o t h e m i n e s ' . The western s l o p e66 rises a b r uP t l v f r o m a l t i t u d e s of about 6000 f e e t in the mainf e e t at the mine. The range is cut by d e e p canyon-like eulches
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2 to 5-mile s long, and bold exposures of hard rock l edge s are common. The topof the range is a r o l l ing u p l a n d , a remnant of an ancient erosion sur fac e which
existed in T e r t i a r y time.The d epo s i t s were discovered in 1899 by Mr. Robbins, a pro sp e c t o r , andsoon sold to Mr. Pearl I. S m i t h of Dil lon who organized the Crystal Graph i t eCompany in 1901. The f i r s t shipment of 50 tons made in 1902, came f r o m theBird's N e s t claim which lies about one mile east of the main workings on theGroundhog Claim deve loped mainly in 1918. Between 1902 and 1920 about 2,000tons of graphite concentrate are said to have been marketed intermit tent ly,most of this produc t i on being at the time of the f i r s t VTorld Vfer when price sranged f rom Ih to 28 cents per pound. In 1938 the land was surveyed, and apatent on the Groundhog claim was issued to Mr. Ralph S m i t h , son of Pearl I.Smith who died in 1937• The p r o p e r t y was leased in 19U1, and operations wererenewed under new management. In 19li3 and 19UU a 1050-foot adit 280 f e e t belowthe main workings was driven, and in 19UU a small f l o t a t i o n mill was erected totreat the ruh-of-mine rock and old dumps containing much f i n e graphite . About150 tons of concentrate, valued at (;120 to $>200 per ton, f .o.b. D i l l o n , depend-ing on grade, are reported to have been marketed during this last operation.T h i s part of the Ruby Range is: composed of a complex series of gneisses ,s ch i s t s , and do lomit i c marbles of early pre-Cambrian age. To the north of thegraphi te mines the metamorphic complex is d e f i n i t e l y sedimentary in origin asevidenced by the presence of at least f i v e marble members together with quartz-ite, which were original ly limestone and sandstone. The series is consideredequivalent to the Cherry Creek series* named a f t e r that l o ca l i ty south of Dmis.Some of the marble members are 600 to 800 f e e t thick, and are the host rockfor commercial d e p o s i t s of talc. The top of the series on Axes Canyon is ob-scured by Tert iary d e p o s i t s , but not far dis tant midd l e Cambrian sedimentsoverlie it. The Belt series of upper pre-Cambrian age is absent in this partof Montana. A p p a r e n t l y underlying the series is a great thickness of contor-ted f e l d s p a r gnei s s e s 1*1 ich may correspond to the Pony series .#* In generalthe Cherry Creek series on Axes Creek d i f f e r s in l i t h o l o g i c character, f r o mthe Cherry Creek series in the type l o ca l i ty , part icularly in the abundance ofmarble members, but also in sequence of rock type s . The graphi te occurs nearthe base of this series. At the mines the country rock consis t s of alternat-ing bands of f e l d s p a r - b i o t i t e gneiss, biotite schist, and gradations inbetween. Garnet is present l o c a l l y in the metamorphic rocks. Marble, d i p p i n gabout U5°K.W., is present a d j a c e n t to graphi t e at the east end of the dis-t r i c t , but this marble member, about 175 f e e t thick, terminates abruptly nearthe center of the d i s tr i c t j u s t east of the main graphi t e d e p o s i t s on theGroundhog Claim.Many bodies of coarse- to finet»grained granite-pegmatite cut the metamor-phic rocks at the mines, and one mass trending nor theas t er ly is 100 f e e t wideand 800 f e e t long. Some of the p e g m a t i t e contains pyroxene minerals. Most ofthe p e g m a t i t e occurs as small vein-like stringers which%stand vertical or nearlyso. T h e s e p e g m a t i t e s do not appear to have been d e f o r m e d by regional metamor-phi sm, and they are probably related to the late Cretaceous or early Tert iaryintrusions of Montana.A dark-colored igneous dike similar .to diabase -strikes-northerlyacrossthe graphite-bearing area and stands nearly vertical. Through most of itsextent it is about 25 f e e t thick, but it widens to about 100 f e e t at its north-ern end. Other dark-colored dikes are present a short di s tance west of the___: > F j a l e , A . C . , Description o f t h e ' T h r e e Forks sheet, Montana; U . S . G e o l , Survey,G e o l o g i c a t la s , Three F o r k s F o l i o , N o . 2 U , 5 p p , 1896.**Ti,ns loy A v / i l f r e d , S c h a f e r . P . A . , a n d H a r t , L . H . , A ^geological reconnaissanceof t h e ' T o b a c c o Root Mountains , K a d i s p n County, RontSna: Montana Bureau ofMines and G e o l o g y , Memoir No. 9, 1933•
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main d e p o s i t s , and a larger dike-l ike body of s imi lar rock l i e s north of themines about one-half of a mile. T h e s e dikes have s u f f e r e d no regional metamor-
p h i s m , v/h i ch i n d i c a t e s that they are young, in g e o l o g i c age. S o m e of the peg-mati t e has been observed cu t t ing the dark-colored dike rock.The general s trike of the various r.embers in the metamorphic series a longA x e s Creek and a d j a c e n t area? is quite constant K 50° E, and the average dipranges f r o m 70° to 80° NV/. Detailed geologic structure at the mines is obscurel a r g e l y because of the sudden t craLnat ion of the massive marble member and thec o m p l e x i t y of the gnei s s ic rocks. The marble does not appear to be terminatedby major f a u l t i n g because of the continuity of a marble member about 2,500 f e e tnorthward. N e a r its western termination the marble, v.hich shows good b e d d i n g ,is extremely crumpl ed , the small f o l d s one inch to one f o o t or more in heightf o r m i n g complex p a t t e r n s ; however, there is l i t t l e or no evidtnce of breccia-tion in the marble. It has been sugge s t ed that the presence of a large in-clined i socl inal syncline with a s t e ep northwest p l u n g e t erminate s the marble.It has been s u g g e s t e d f ur th e r that the graphi t e has been concentrated in acrushed zone along the axis of the f o l d . Heinrich (oral communication) suggeststhat the marble is terminated by an igneous intrusion which came into theCherry Creek s ediments prior to their regional metamorphism, and that thisigneous rock was converted into gneisses in early pro-Cambrian time by the re-gional metamorphisn which also al tered the Cherry Creek sediments . The writerfavors the latter interpretat ion, and he sees no evidence- of iBoV.liir..! f c l a i p gof the magnitude necessary to terminate the marble.Evidence of minor f a u l t i n g such as s l i ckens idud f i s s u r e s , clay g o u g e s ,and breccias , is p l e n t i f u l in the mine workings. The: age of such f a u l t i n gappear s r e la t iv e ly younp because of the I r c k of c o n s o l i d a t i o n and a tendency

toward existence of vugs.Occurrence snd Origin of G r a p h i t e ; The graph i t e occurs in vein-likeb o d i e s and ve inle t s in gneiss and pegir.s . t i te , as d i s s eminat ions and irregularsmall masses in p e g m a t i t e , and as d i s s eminat ions in the metamorphic rocke s s e n t i a l l y gneiss. Mos t observers use the term ve:ih in de s cr ib ing the de-p o s i t s because the graphi t e commonly l ies between w e l l - d e f i n e d rock vral l s; butthe v j i n s are -irregular in that they pinch and swell within a few inchesd e v e l o p i n g "bunches" and "pockets" of g r a p h i t e , and they commonly continuebut a few f e e t , p e r h a p s 10 or 23, both v e r t i ca l ly r.nd h o r i z o n t a l l y . Some maycontinue much f a r t h e r . Many such veins are grouped t og e th er f o r m i n g & min-eralized zone; and the zone as whole, which may be 100 to 150 f e e t across, isthought to be per s i s t ent f rom upper to lower l ev e l s . The zone or "ore shoot"a p p e a r s to p l u n g e N 20° YT. at an angle of about U5 degree s . L o c a l l y a systemof veins may be nearly p a r a l l e l , but in general there is no d e f i n i t e direct ionof strike. T h e y cut the gneiss and p e g m a t i t e i n d i s c r i m i n a t e l y , and d i p s arealways s t e e p . Ve in s may s p l i t into tw or three s trands , aid f r a g m e n t s ofrock may be surrounded by graph i t e , in general giving the appearance of a badlycrushed zone. V e i n l e t s weave in and out. The d e p o s i t as a whole roughly re-sembles a stock vork of g r a p h i t e - f i l l e d f rac tur e s with dis seminated graphite inthe rock between.
In thicknes s a voin may range f r o m a thin f i l m up to about one f o o t , andp o c k e t s of g r a p h i t e six f e e t across have been de s cr ibed . T h i c k n e s s e s of oneto f o u r inches are average. Late minor Movements a long some of the veins hascaused s l i ckens ide s in the graphite.
The d i s s eminat ed graph i t e occurs in or near the vein zones, p a r t i c u l a r l yin the rock between veins. T h a t in the gneiss is general ly f ine-grained andp l a t y , l i e s p a r a l l e l to the gne i s s i c s tructure, and is interlayered v d t h theminerals of the gneiss . It is more p l e n t i f u l near veins. G r a p h i t e dissem-inated in ,the p egmat i t e is coarser grained, it may be bladed and in rad ia t ing
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clusters and it may occur in irregular masses or in rose t t e s si inch or twoacross. Wiether this graphi t e is a rep lacement , or an original const i tuentof the p e g m a t i t e , or a f i l l i n g of a shattered rock is obscure in hand specimen.The massive graphi t e , a l though clearly crys ta l l ine , does not exhibitdistinct crystal shapes, but individual crystal f l a k e s which may be one-halfof an inch long may be irregularly massed t og e th er , or arranged in successiveradiat ing c lu s t er s , or in layers of paral l e l f l a k e s which have grown awayfrom a fa c e of rock into what appears to have been a f i s sure cavity. In someplac e s comb structure and rudimentary banding have d eve l op ed by graphi tef l a k e s growing in layers paral l e l to walls of f i s s u r e s . Radiat ing c lu s t er s ofcrystal f l a k e s which commonly have the shape of ro s e t t e s one-fourth to three-f o u r t h s inch across, are conspicuous.As seen in thin section under petrographic microscope, the disseminatedgraphi t e in both the gneiss and the p egmat i t e occurs as crystal f l a k e s associa-ted with grains of the rock-forming minerals mainly quartz and f e l d s p a r : (l)cutting grains in microscopic frac ture s , (2) "biting". into grains r e p l a c i n gwith irregular boundaries, (3) as f l a k e s p r o j e c t i n g into grains and termina-ting within the grain boundaries, (It) p o s s i b l y as f i l m s between- graia^boun-d a r i e s i ' - "Where the scattered f l a k e s are more p l e n t i f u l they become massedtoge ther f orming irregular lumps of graphi t e in the rock. The boundaries ofthe lumps show many f l a k e s extending away from the mass. In gneiss the graph-ite f l a k e s tend to be arranged paral l e l to the gneissic structure, but manyf l a k e s lie in random directions. In pegmat i t e apparent random orientationspredominate, and local ly a.radiaA pattern may be developed. The grain size ofthe graphi t e ranges f r o m microscopic S p e c k s to crystals which may be a ha l finch or more in length.Such conditions of occurrence of the di s s eminated f l a k e s of graphi teindicate s a replacement of the rock by the graphite. T h i s , however, does notpreclude the probab i l i ty- tyia t much graphite was actually depo s i t ed in opengavi t i c s a n d f i s s u r e s . T h e presence ' o f t h e vein-like bodies containing f l a k egraphi t e arranged in layers para l l e l to the walls :f the vein, and occa-sionally banded in two or more layers, indicates cavity f i l l i n g . The f l a k e sin the layers stand at right angles to the walls o f - t h e veins. The bulk ofthe graph i t e produced so far has corns f rom the vein-like structures.The origin of graph i t e is somewhat prob l emat i ca l . It is believed to havef o r m e d at d e p t h , b e f o r e this region was uncovered by erosion, through theaction of very hot solutions or vapors given off by deep-seated igneous bodies.It is sugge s t ed that these s o lu t i ons , hotter than the de compos i t i on temperatureof calcium carbonate ( m a r b l e ) , caused the carbonate to give off carbon monoxidewhich in escaping and cooling was converted to carbon dioxide, thereby liber-ating f r e e carbon which p r e c i p i t a t e d in crystal l ine form. Int imat e associa-tion of the d e p o s i t s with numerous p e g m a t i t e dikes and the c lose proximity ofcarbonate rocks subs tant iate s this theory. The geo log i c age of the depo s i t asin f erred from the probable age of the p e g m a t i t e d ike s , is believed to be verylate Cretaceous or early Ter t iary . Confirmatory evidence of the late age ofthe graphi t e is the occurrence of this mineral elsewhere in the complex ingold-bearing quartz veins conceded to be associated with the Cretaceous-Tert iary intrusives of Montana (Mis sour i-McKee mine northwest of Ennis).Mining and Treatment: Pract i ca l ly all mining has been done by undergroundmcthoc f sT During the early p er i od s of mining, and until 19li3> adits were driveninto the mineralized zone, and d r i f t s f o l l o w e d the more important vein struc-tures. In par t i cu lar , search was made for large pocke t s of graphi t e . Themassive graphite was dug out from veins and concentrations by means of scraperscons i s t ing of a bent and f l a t t e n e d tip on a long iron rod. It was then gathered
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,,V4 canvas, sacked in the mine, and taken to the sur fac e . As graph i t e wasPiscraped out, the workings were advanced, and then the cycle was r ep ea t ed .V f t i s s e m i n a t e d graphi te Was r e j e c t e d , and that material removed to f a c i l i t a t et f d n i n g operat ions was taken to the sur fac e and p i l e d into reserve dumps. Such' method resul ted in irregular workings and much hand labor. It also r e su l t edi mine dumps containing much graphite .A total of about 3,500 f e e t of mine workings has been driven. As may be^expected a compos i t e map of all mine workings is most complex . Four main ad i t s: f r p m which most of the graphi t e was mined range in length f rom 180 to 760 f e e t ,' f ed in a l t i t ude f r o m 7,UlO to 7,U98 f e e t . Two smaller ad i t s were also driven.^Raises and s h a f t s connect upper and lower workings, and some s t o p i n g was done.>(A s h a f t (now caved) 165 f e e t deep with workings at three levels has been sunk!hear the center of the graphite-bearing area. From the A n t e l o p e claim, lyingimmediately south of the Groundhog claim on which most of the mining was^carried on, and adit has been driven northward into the mountain about 1,050*feet at an a l t i t u d e of 7,210 f e e t which is about 200 f e e t lower than the main| workings t It pas s ed beneath the old working.;, but due to what is thought to beI'a northwest p lunge ( s l o p e ) in the graphite-bearing zone, no graphi t e was en-*!countered d ir e c t ly beneath the old workings. However, g r a p h i t e is present atthe end of this ad i t , north of the upper workings, and it would be des irable to;extend the adit f a r t h e r into the mountain.In 19liU a 125-ton f l o t a t i o n mill was erected to recover f i n e graphi t e ,f 'and to treat rock containing disseminated graphite . The plant consisted of as imple crushing unit, a s imple f l o t a t i o n unit, and a drying unit. Mill f e e dis reported to have contained 8 to 12 per cent g r a p h i t e , and concentrates aresaid to have contained 85 to 90 per cent graphite (carbon). Recovery in themill was about 85 per cent. The mill has been r ede s igned , and now includes ai J a w - c r u s h e r . f o r primary crushing, a ball m i l l , a f l o t a t i o n unit, a regrindingunit (ball m i l l ) , a cleaner f l o t a t i o n unit, a f i l t e r , and a dryer. The fu tureplan of operation is to pas s the bulk of the graphite-bearing rock through themil l . The mill is about a h a l f mile west of the mine workings on the road tof e i l l o n , and mill f e e d is trucked from mine to mill . In mining a method similarto shrinkage s t o p i n g has been f o l l o w e d since the erection of the mill in 19UU,and it is probable that this method vd. l l be continued.An overall average of material mined since 19U1 is reported by the op-erators to have assayed about 12 per cent carbon, and the same average per centis r epor t ed for a group of 32 sample s cut in the mine by a party who had nof inancial interest in the p r o p e r t y . Mater ia l in the mine dumps and old gobsis said to contain 5 to 8 per cent carbon, and there is probab ly between 5>000and 10,000 tons of this type of material available. S o r t i n g out of largepiece s of barren rock raises the grade. Reserves of unmined graphi te-bearingrock are d i f f i c u l t to ca l cu la t e because of irregulari t i e s in graphi te occur-rence, and because the graphite-bearing ground has not been entirely delin-eated. A d d i t i o n a l deve lopment work is needed to prove the existence of graph-ite at a d e p t h greater than the main workings. However, there is probably anavailable reserve of between 100,000 and 200,000 tons of rock of mil l ing grade.
Graphi t e Mine on th e Bird ' s N e s t Claim

The mine on the B i r d ' s N e s t claim lie on a heavily timbered mountains l op e about U,200 f e e t N. 68° E. f r o m the main workings on the Groundhog claim.«' A bull-dozer road leads part way to the claim. The marble which terminatesto the west on the Groundhog claim pa s s e s . ' l ^ - n g t h v i & e through the Bird's N e s tclaim, and a d j a c e n t to the marble are complex gnei s s e s and s chi s t s . Granite-
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p e g m a t i t e is present between the two claims, and also in the mine workings onthe Bird' s N e s t claim. The graphi te occurs in the gne i s s e s , s ch i s t s , and peg-matite immedia t e ly ad ja c en t to the marble on its south side. No evidence ofnotable o f f s e t t i n g of the marble by f a u l t i n g was observed. T h r e e ad i t s havebeen driven into the mountain s l o p e the l onge s t of which is about 270 f e e t inl e n g t h , and some s t op ing has been done. P r a c t i c a l l y no timber has been p l a c e din the mine, and the openings are s t i l l r eadi ly acce s s ib l e U5 years a f t e r
mining.The graphi t e occurs much in the same manner as on the Groundhog claim, butthe veins and p o c k e t s appear to-have been f ewer; and a crushed zone, al thoughpre s en t , appears to be smaller and more p o o r l y d ev e l op ed . The p e g m a t i t e cutsthe schist and the marble irregularly. The graphi te veins cut the s chi s t , bendin and out, pinch and swell, and appear and d i sappear suddenly. Graphi t e ispresent in the p e g m a t i t e and in close proximity to the marble, but no graphi tewas ac tual ly observed in the marble* The amount of unmined graphi t e could notbe ascertained, but it seems probable that much material of milling grade ispresent .

Graphi t e in the Timber Gulch T a l c Depos i t
An occurrence of graphi te of much geo log i ca l interest is on lower TimberCreek three miles southwest of the Crystal Graphi t e mines, at the (Dros c th t i t l i l omine of the T r i - S t a t e Minerals Company. The mine lies on the lowermost s l opeof the mountain about one-half mile from the valley bottom of Blacktail DeerCreek. It is acces s ible by automobile on a dirt road which branches off theroad to tho Crystal Graphi t e mines along the east side of the main valley.Two exposures of marble, 10 to 15 f e e t thick and separated by about 1J>0f e e t of gneiss and s chi s t , have in p lace s been p a r t i a l l y or c o m p l e t e l y alteredto t a l c . The metamorphic rocks, a part of the Cherry Creek series, strike 'northeas t er ly and dip northwest at about 50 degrees. The talc d e p o s i t s havebeen opened by p i t s and a shallow inclined s h a f t to d e p t h s of 10 to 20 f e e t .Crys ta l l ine graphite occurs disseminated through the talc in thin f l a k e sup to one-eighth inch across, the quantity of graphite •amounting to perhapsone-half of one per cent. The f ] a k e s lie p a r a l l e l to one another and to theb e d d i n g of the marble; and individual f l a k e s arc d i s t i n c t l y separate f rom eachother. No commercial s i g n i f i c a n c e is attached to this occurrence of graphiteat pre s en t .

G r a p h i t e Y / e s t o f Dell
Occurrences of g raph i t e about 12 miles west of Dell ( S e e f i g . 3 ) inextreme southwestern Montana have been p r o s p e c t e d , and al though not of appar-ent commercial value at pr e s en t , should be b r i e f l y described because of in-terest concerning them. The d e p o s i t s lie mainly in sections 27 and 3U, T. 12S., R. 11 T ; . , on both s ide s of the d ivide between a north f o r k of V i l l s o n Creekand an east f o r k of K a t e Creek, which in turn arc small tributaries of MuddyCreek and Medic ine L o d g e Creek re spec t ive ly. No roads which can be -traveledby automobile enter tho area, and it is necessary to walk one to three milesfrom the ends of the poor roads which f o l l o w the larger creeks. S l o p e s ares t e e p and divides are 500 f e e t or more above the creek valleys. Only scatter-ing timber is present.Numerous p i t s have been dug , and several adi t s up to 100 f e e t in l eng thhave been driven on showings of graph i t e by p r o s p e c t o r s and by the N a t i o n a lCarbon Company of New York C i t y , tho work having bean done mainly about 1918.No graph i t e is known to .have been s h i p p e d , but it is present in d u m p s , and canbe seen in outcrop and in f l o a t . *
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H o s t impor tan t rock f o r m a t i o n s e x p o s e d in the area are the wh i t e c r y s t a l -
l ine l l a d i s o n l i n e s t o n e o f lower ' . i s s i s s i p p i a n ag e and a c o m p l e x m e t a m o r p h i c
series o f gne i s s e s and s c h i s t s c f ear ly pre-Canbrian a j e . Devonian d c l o m i t i c
l i m e s t o n e is pr e s en t north of the main work ing s .

The n e t a m o r p h i c rocks have been throvm a g a i n s t t h e M i s s i s s i p p i a n l i m e s t o n e
by a m a j o r f a u l t o f l a t e C r e t a c e o u s .or e a r l y T e r t i a r y age ( L a r a m i d e ) which ex-
t ends for m i l e s in a general north to south d i r e c t i o n . The d i s p l a c e m e n t i s pro-
b a b l y grea t er than 4000 f e e t . T h i c k f a u l t gouges as xve l l as br e c c ia s are pre-
sent, and the gne i s s a p p e a r s crushed near the a lmos t ver t i ca l f a u l t zone. The
f a u l t may be m u l t i p l e , that i s , c o m p o s e d of nore than one p l a n e of breaking.The L a d i s o n l i m e s t o n e v;hich i s u n i f o r m in character f r o m p l a c e to p l a c e shews
l i t t l e evidence o f a l t e r a t i o n other than r e c r y s t a l l i z a t i o n and the l o c a l occur-rence of j a s p e r . H o w e v e r , evidence of b e d d i n g in the l i m e s t o n e is indeed ob-
scure, and s tructure in the l i m e s t o n e is d i f f i c u l t to de t ermine .

The m e t a m o r p h i c c o m p l e x in th i s l o c a l i t y , a l t h o u g h c ompo s ed o f c n e i s s e s

and s c h i s t s c o m p a r a b l e to the C h e r r y Creek series in d e g r e e of m e t a m o r p h i s m ,
does not contain the same sequence of numbers, and the members t h e m s e l v e s tire
somewhat d i f f e r e n t in l i t h o l o f j i c t y p o s . The rocks are we l l b a n d e d , and tho
band ing s t a n d s c.t s t e e p a n g l e s or v e r t i c a l . S t r i k e of t:-.e g n R i s s i c b a n d i n g in
the area of graph i t e d e p o s i t i o n is near ly due north, but local i r r e g u l a r i t i e s
occur. In g e n o r a l , th e g n e i s s i c s er i e s a p p e a r s more bas ic ( t h a t i s , contains
more d a r k - c o l o r e d m i n e r a l s ) than the C h e r r y Creek s er ie s on A x e s Cre ek , and un-
usual t y p e s of n e t a m o r p h i c rocks are pr e s en t . One c h a r a c t e r i s t i c t y p o of met-
amorph i c rock is c ompo s ed main ly of h o r n b l e n d e and may be c l a s s e d as a m p h i b o l i t e .It may be m e t a m o r p h o s e d pr e-Carabr ian d ike rock. Jiovrever , t y p i c a l f e l d s p a r -
quartz gne i s s Avith more or l e s s b i o t i t e i s p l e n t i f u l and w i d e s p r e a d .

l i ' - ' y / T " " "

F i g u r e 3 . — ! . J a p showing l o c a t i o n o f g r a p h i t e d e p o s i t s west o f D e l l .
No p e g m a t i t e d ike s of the C r e t a c e o u s - T e r t i a r y t y p e , so corimon in most met-amorph i c areas in Kor. tana, v / e r e ob s erved. A l s o no marble members in the gneis-

sic s e r i e s ir: cr near the area of g r a p h i t e d e p o s i t i o n were ob s e rved , e x c ep t
that as a c o a r s e l y c r y s t a l l i n e l i m e s t o n e s or a marb l e which may lie of pre-
Cambrian age is p r e s en t near the aouth of K a t e Creek about 3 m i l e s northwest of
the main d e p o s i t s .

The g r a p h i t e i s c l o s e l y a s s o c i a t e d with the f a u l t zone, and a p p e a r s to
lie in the f a u l t gouge , in f a u l t b r e c c ia s , and in tho crushed g n e i s s nearby.
N o n e was observed in nassive s o l i d l i m e s t o n e , but g r a p h i t e - b e a r i n g rock f r o m
p i t s was observed in what a p p e a r e d to be breccia zones in l i m e s t o n e . The main
f a u l t can be . traced for p e r h a p s a m i l e v .y p r o s p e c t p i t s due; a l o n g i t for gra-ph i t e .
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'On the east f o r k o f K a t e Creek graphi t e may be observed in the h i l l s i d ef l o a t and in mine dumps of two ad i t s "which lie about one-half mile west ofthe main f a u l t zone; however, these occurrences may be associated v / i t h acomplimentary f a u l t in the gneiss west of the main d i s p l a c e m e n t . Another sim-ilar d e p o s i t of graph i t e is near the mouth of K a t e Creek 3|- miles northwest ofthose described above. The mode of occurrence and the character of graphi t eare similar. Two inclined s h a f t s were sunk to a d e p t h of about 30 or hO f e e tnear a contact between gneiss and coarsely crys ta l l ine l imestone.The graphi te i t s e l f in all of these d e p o s i t s is f i n e grained and in handspecimen generally shows as powdery black material, or in f l a k e s too small tobe c l early seen wife Use -unaided eye. Wider microscope many specimens showcrys ta l l ine f l a k e s 1/10 to 1 millimeter across, in t imate ly dis seminated throughf a u l t gouge and breccia, or through gneiss. The f l a k e s lie between grainboundaries of f e l d s p a r or quartz, and they may penetrate grains of these min-erals. As seen on a saw-cut surface they f o r m an intricate or re t i culate pat-tern of needle-like crystals (probab ly edge s of f l a k e s ) grooving in all direc-tions but mainly para l l e l to the gneissic structure. In f a u l t gouge, f l a k e s ofgraphite are in the f i n e clay and in the rock fragment s alike, and f l a k e s ex-tend f rom within the f ragment s to beyond their l imi t s . Some hand sample s maycontain 50 per cent or more of graphi t e . A compo s i t e analysis of materialtaken at random from four d i f f e r e n t mine dumps on the K a t e Creek side of thedivide shows approx imate ly 12 per cent carbon.The graphite-bearing zone appear s to stand nearly vertical, and as ob-served on hill s l o p e s is continuous in the vertical dimension at least 200f e e t . The graphi te ev ident ly has replaced the pre-exi s t ing minerals of thegouge , the breccias, and the gneiss\ and it has been introduced into itspresent po s i t i on , probably by hot solutions or vapors rising along the rupturescreated b y t h e ' l a r g e f a u l t .The commercial po s s i b i l i t i e s of the d epo s i t s irould seem to depend on thedeve lopment of a suitable method of m i l l i n g whereby the rock-forming mineralscould be s epara t ed , because the material as it comes f r o m the mine is not ofcommercial grade. Sinc e only graphi t e and the common rock forming minerals arepre s en t , f l o t a t i o n should yield a s a t i s f a c t o r y concentrate. Grinding wouldhave to be f i n e to l iberate the p a r t i c l e s , but the rocks are s o f t and shouldgrind easily. Kine workings are not such that reserves can be ca l cu la t ed .A l t h o u g h graphite was observed for nearly a mile a l o n g the f a u l t zone, no doubtit is more concentrated in some p l a c e s than in others. The f i r s t procedure inany a t t e m p t to e xp l o i t the d epo s i t would be to determine the amount of mi l l ingmaterial available, and the per cent of carbon it contains.
S c a t t e r e d Occurrences of Graph i t e

C r y s t a l l i n e graphi t e is known to occur in minute f l a k e s and small amountsin many l o c a l i t i e s in southwestern I f o n t a n a , par t i cu lar ly in the metamorphicrocks. General ly it is not recognized due to the small size of the f l a k e s .Commonly where talc is found microscopic f l a k e s of graphi t e have been observedeither in the talc or in the a d j a c e n t rocks. G r a p h i t e accompanied a gold-bearing quartz vein at the l l i s s our i-McKee mine vest of Ennis. H a n d specimens,genera l ly gnei s s , containing a minor amount of graphi t e in microscopic f l a k e sare sent to the Montana Schoo l of Fine s for i d e n t i f i c a t i o n . The mode of occur-rence appear s to be similar to that prev iou s ly de scr ibed, and these occurrencess u g g e s t - t h a t the graph i t e -produc ing process.occurred .over a wide region. How-ever, since all of the mountains of Montana have been c a r e f u l l y pro spe c t edagain and again for me ta l s , it is unl ike ly that large commercial bodies of
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c r y s t a l l i n e g r a p h i t e have been over looked. If f o u n d they v / o u l d be e x p e c t e d tobe in areas of gneiss wi th marble or l ime s t one nearby, and the pr e s enc e ofp e g m a t i t e would be an addi t ional favorable indicator.Beds of carbonaceous and p e t r o l i f e r o u s shale up to 100 f e e t in t h i c k n e s sare present in the P n l e o z o i c and I f c s o z o i c series of s ed imentary rocks inMontana, but the carbon in them is not in the f o r m of graph i t e . Some of thep e t r o l i f e r o u s shale s (commonly c a l l e d oil s h a l e ) will hold a f l a m e v;hen heatedwith a match, and will yie ld 10 to 20 g a l l o n s of oil per ton of shale bydes truct ive d i s t i l l a t i o n . \Vhen such riaterial is crushed in large f a u l t zones ,many of v . ' h i c h are present in western Montana, it takes on a greasy shiny blackappearance , and be-ing s o f t somewhat re s emble s g r a p h i t e . A d e p o s i t of t h i scharacter is r epor t ed to be present north of Melro s e near Big H o l e River.L i t t l e or no comr.Ercial s igni f i cance is attached to such occurrences so faras graphite is concerned since the carbon could not readily be concentratedf rom the shale minerals v / h i c h c o n s t i t u t e s the main mass of rock. T h i s materialmight have some value as a mineral body in paint or other commodi t i e s .A l t h o u g h coal i s / p r e s e n t ' iu"tli-: yeran^r ••strr.tu' irx thv Mp'ahtuirvs of v.-eg.tr.nnMontana, it is not d e f i n i t e l y knov.n to have been converted into g r a p h i t e .F u r t h e r m o r e , the various Montana occurrences of c r y s t a l l i n e g r a p h i t e are notbelieved to have had any genetic r e la t i on sh ip to d q p o s i t s of coal or carbon-aceous material, except ing as limestone and marble contain carbon.
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P A R T I I I , Y L f
General Con s id e ra t i on s*

The vermiculite d e p o s i t near Libby, Montana , recognized as such in 1918,
is the f i r s t to be v.orked in the U n i t e d S t a t e s s u c c e s s f u l l y en a large com-mercial scale; and development of this d e p o s i t , beginning in 1923, rarked theinitiation of a new industry not only in this s tate but in the nation. In 19U7this industry yielded over a mi l l ion do l lar s f rom material mined. A l t h o u g hthe Libby d epo s i t is the only one being opera t ed in Montana at p r e s e n t , otherd e p o s i t s of this unusual mineral are known in the s ta t e , and their f u t u r e a-
waits sys t emat ic e x p l o r a t i o n and d e v e l o p m e n t ,V e r m i c u l i t e is an unusual mica-like material which receives its name f r o mits p e c u l i a r p r o p e r t y of e xpand ing and opening out into v/orm-l ike f o r m s whenheated to red heat. ( L a t i n — v e r m i c u l a r i , to breed worms). Good vermiculi teshould expand 12 to 15 times its original volume. The mineral occurs as f l a ttabular greenish to brownish crys ta l s which can be separated into thin shee t s ,and it d i f f e r s f r o m true mica in that the sheets when bent will not spr ingback to their original shape. Its hardness is about 1,5 and its s p e c i f i cgravity 2.3 to 2.U. The s imple s t test for vermiculite is to heat it and ob-serve its e x p a n s i o n — o t h e r type s of micaceous minerals will not expand. Incomposit ion vermiculite is a hydrated si l icate of magnesium, aluminum, andiron in which the chemically combined water amounts to about 20 per cent. Per-centage of c on s t i tu en t s may vary considerably.The pr inc ipa l use of vermicul i t e is in heat, c o l d , and sound insulat ion.It may be f a b r i c a t e d into b lock s , bricks, or wall board with the aid of a bind-er j it may be used in p l a s t e r ; and it is used for many other p u r p o s e s such asfor p a c k i n g , lubr i cant s , rubber g o o d s , and in p a p e r , inksv and p a i n t s . Itsacoustic p r o p e r t i e s are notable. A very large quanti ty is used in loose f o r mfor heat and f i r e insulation in wal l s and c e i l ing s . . It also is used as al ight-weight aggregate in concrete, and p l a s t e r , and this is now the large s tuse of this material. It has some pract ical value in its natural s ta t e , bui.moat of the vermiculite is expanded prior to use. The expanded material willf l o a t on water. Tyler* in 1938 s tated that "For expanded vermiculi te thestandard volume ratio is 6 pounds per cubic f o o t , but varieties that cannotmeet thi s s tandard are l i k e l y to be used increas ingly, al though p erhap s not atthe same pr i c e per ton or even per bag."As an in su la t or vermicul i t e c ompe t e s with mineral or rock wool , a manu-f a c t u r e d p r o d u c t made by f o r n i n g f i n e f i b e r s f r o m mol t en rock blown into as tream of air or steam, and there are other c o m p e t i n g mater ia l s .

V e r m i c u l i t e has been f o u n d and vorked in several other s t a t e s and in f o r -eign countries . D e p o s i t s v;ere discovered in i M o r t h Carol ina as early as 1873and in Pennsylvania about the same time. Several d e p o s i t s were discovered inColorado about 1913, and in V / y o m i n g in about 1938, and this natural resourceoccurs in ether states. Cons iderable vermiculite has been mined and sh ippedf r om Co lorado and Wyoming. Vermicul i t e is being mined and expanded in SouthCarolina on a large scale, and these d e p o s i t s are the source of s u p p l y forsoutheastern Uni t ed S t a t e s . Large d e p o s i t s of vermiculite occur in A f r i c a ]some has teen sh ipped to the U n i t e d S t a t e s , and f o r e i g n producers are encroach-ing on the ^merican market. As th i s inconspicuous and s e ldom recognized min-eral becomes be t t er known, it is probab l e that add i t i ona l d e p o s i t s will bed i s covered.
A c t u a l l y the term v e r m i c u l i t e inc lude s a group of s imilar minerals whichare e s s e n t i a l l y a l t e r a t i o n p r o d u c t s of b i o t i t e or p h l o g o p i t e (black and brown* T y l e r , P. U. , Minor n o n m e t a l s : U . S. Bur. M i n e s , M i n e r a l s Y e a r b o o k , 1938,p. 131U.
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micas) or p o s s i b l y hornblende, which are present as the ordinary cons t i tuent sof dark-colored intrusive igneous, rooks such as p e r i d o t i t e , ' However, vermi-' c u l i t e is a l s o observed in layered or metamorphic rocks such as mica s ch i s t s orgneisses* The cause of the al terat ion is uncertain; it is g enera l ly ass ignedto hydrothermal (hot wa t er) action, and bearing on th i s node of origin is theregular a s soc ia t ion of p e g m a t i t e dikes with vermiculite d e p o s i t s . An al t er-
native' theory for its origin is by action of weathering and s u r f a c e waters; butit seems probab l e to the writer that, even if weathering has had a part in thealteration, ,it is subsequent to.an earlier deep- s ea t ed change in the originalminerals* T h e s e - c o n s i d e r a t i o n s have a bearing on continuation of d e p o s i t s withdepth-, ' in that if the material has been deve l op ed by weathering, d e p o s i t s wouldbe i cxpec t ed to be r e la t ive ly shallow, but. if d ev e l op ed by hyd fo th e rmal solut-
ions f d e p o s i t s would b e . e xp e c t ed to continue to cons iderable dep th .In Montana this mineral is known to occur in several l o ca l i t i e s , chief of •which are near Libby, Lincoln County; Hamil ton* Ravaili County; Pony, Madi s onCounty; and in the Bearpaw Mountains near Box E l d e r in H i l l County, - Other de-,p o s i t s of micaceous minerals similar to vermiculite a l s o are known, for exampleon Squaw Creek south of Bozeman, All of these occurrences, except near Ponyend vicinity, are of direct igneous origin, the mineral being found in -large
intrusive masses or dikes* The d e p o s i t s near Pony and in the region Southwardoccur in pre-Cambrian- biot i te or hornblende schists* : Pegmatite dikes cut thevermiculite d e p o s i t s in most oases, and they are always in: the immediate vicini-ty of the vermiculite. The vermiculite in the large intrusive masses appear sto occur as local concentrations where.dark (ferro-magnes ian) minerals were or-i g ina l ly more p l e n t i f u l , or e l s e where zones of a l t erat ion were more intense;however, certain dike^likte bodies are almost all vermiculite. H i g h grade verml-
culi te bodies are general ly very irregular and mor$ lens-like in character atLibby, and dike-like bodie s are rarely sê n* B e c a V i f e e of i t s -mode of origin, .vermiculite is to be expec t ed only in the mountainous areas in Montana, as itis only in these areas that c o n d i t i o n s ; ' s u i t a b l e 1 for its Format ion e x i s t e d ,: ' • : • • < ••; . .

Vermicu l i t e d e p o s i t s h e a r ' L i b b y
The d e p o s i t s of v e rmi cu l f t e near Libby are the largest yet worked, and areserve for many years has been proved. T h e y lie seven mile s northeast of Lib-by, and are r e a d i l y a c c e s s i b l e by automobi l e by t rave l ing f i r s t for four mile seast along S t a t e Highway $0, 37 which f o l l o w s the north s ide of Kootenai River,and thence three miles northeast up Rainy Creek, The elevation of Libby io

2.050, and of the vermiculite mines between 2,800 and 4,200 f e e t . T o p o g r a p h ymay be considered mountainous, and s l o p e s which rise abrup t ly 1,000 to 2,000f e e t above the major drainage are for the most part heavily timbered*Libby, whose p o p u l a t i o n is about 5000 is on the main line of the GreatNorthern Railway, and al so on U, S. H i g h w a y No, 2. Large Jumber m i l l s are atLibby, but grazing and some agriculture and metal mining are carried on in thesurrounding region. Annual p r e c i p i t a t i o n may reach 50 inches, and snow is d e e pin winter*
The d e p o s i t s , discovered about 1915, were soon investigated by Mr, E» .N»A l l e y who, seeing the commercial p o s s i b i l i t i e s of the expanded mater ia l , experi-

mented with the p r o c e s s i n g and u t i l i z a t i o n of the vermiculite, and he devotedtime to promot ing its d e v e l o p m e n t , a d i f f i c u l t task because the material was ao
l i t t l e known. However, the Z o n o l i t e Company was eventual ly f o r m e d , and commer-cial produc t i on on a small e o t l e began in 1925 f r o m material taken f rom shal lowopen-cut workings. The vermiculi te was expanded in a small expansion p lant whithad been erected at Libby in about 1922, • • •
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Two other compani e s , the M i c a l i t e Company and the V e r m i c u l i t e and A s b e s t o s
Company, vrere s ub s equen t ly f o r m e d in 1926. The f o r m e r did not f u n c t i o n l o n g ,
but the la t t er sunk p i t s and drove ad i t s on expo sure s of vermiculite lying

. northwest of the or ig inal di scovery. In 1931 the Dominion S t u c c o Company ofManitoba acquired an interes t in the Z o n o l i t e Company. In 1934 the f i r s t con-
centrating plant was erected near the mines. In 1939 the Z o n o l i t e Company andthe V e r m i c u l i t e and A s b e s t o s Company merged to f o r m the Univer sa l Z o n o l i t e
I n s u l a t i o n Company, l eaving but one company o p e r a t i n g in the d i s t r i c t . In 1948
this company changed its name to Z o n o l i t e Company, head o f f i c e of which is in
Chicago , and the Z o n o l i t e Company now opera t e s the mine, the m i l l , and themarketing of the produc t . The original concentra t ing p l a n t has been r e m o d e l e d
and enlarged f r o m time to time between 1936 and 1947, and the proc e s s of con-centration changed as more improved methods were d e v e l o p e d . The pre s ent mi l l( 1 9 4 8 ) uses a p p r o x i m a t e l y 1,000 tons of f e e d per day which y i e l d s between 350
end 400 tons of concentrate. The original expans ion plant at Libby has beenrecons truc t ed .Produc t i on of crude and expanded vermiculi te g r a d u a l l y increased as the
product became be t t er known f r o m meager shipments in 1925 to about 20,000 tons
in 1940, and 75,000 tons in 1946, The value at the beg inning of op era t i on s ofthe unexpanded vermiculite at the mines was a p p r o x i m a t e l y $12 per ton, but withincreasing volume of p r o d u c t i o n , varying market c ond i t i on s , and demand for var-ious grade s , pr i ce s have ranged f r o m $8 to $13,50 per ton at the mines. Thevalue of expanded vermiculite (f .o .b . proce s s ing p o i n t ) ranges f r o m $.70 to
$1.25 per bag of f o u r cubic f e e t we ighing about 25 pounds , which is a rate of
f r om $56 to £100 per short ton.li|j ^ Mining at Libby has been carried on mainly by means of open cut methods,
the rock being dug with power shove l s and hauled by h a l f - t r a c k truck and con-veyor be l t to the concentrat ing p l a n t which is near the mines. S e l e c t i v e min-
ing is prac t i c ed . Dimensions of the pit are: l e n g t h 1200 f e e t , width 700f e e t , maximum d e p t h 100 f e e t . The concentrate is hauled by truck to Libby where
it may be e x p a n d e d , or as is the case with most of the mat er ia l , s h i p p e d un-
e xpanded to a p lan t at Great F a l l s and to c i t i e s in other s t a t e s , Canada, and
f o r e i g n countries. Severa l ad i t s have been driven, and one adit 750 f e e t longhas been driven beneath the open cut so that it cros s e s the d e p o s i t at a d e p t h ,
of 265 f e e t beneath the sur face . The general character of the vermicul i t e in
th i s adit is not p a r t i c u l a r l y d i f f e r e n t f r o m that near the sur fac e .

The s eparat ion of mixed rock minerals and vermiculite has proved d i f f i c u l t ,and several methods have been t r i ed , Wet p r o c e s s e s y i e l d e d s a t i s f a c t o r y sepa-
ration, but was c on s id er ed l e s s economical than other methods. F l o t a t i o n isnot suitable for concentrating coarse material. Various a p p l i c a t i o n s of airsuction, of air l i f t , and of e l e c t r o s t a t i c s e p a r a t i o n were tried. At present
concentrat ion is a c c o m p l i s h e d e s s e n t i a l l y by s i z ing and screening in conjunct-ion with d i f f e r e n t i a l crushing, and a recovery of between 75 and 80 per cent isachieved on run-of-mine material averaging f r o m 40 to 50 per cent vermicul i t e ,

A concentrate containing 90 per cent vermicul i t e is obtained. Extens ive stud*ies on concentration, p r o c e s s i n g , and u t i l i za t i on are being continued.W e i g h t of the unexpanded Libby vermicul i t e concentrate is about 55 pounds
per cubic f o o t , and the weight of the expanded material is about 6 pounds per
cubic f o o t « During the pro c e s s of expans ion a l o s s in weight of about 10 percent occurs, due mainly to e s cape of chemica l ly combined water, a l though not
alL of the combined water is driven o f f . The expahs ion of the crude mineral is
achieved by hea t ing quick ly to a red heat (1600° to 2000° F in 5 to 10- s e c ond s) .
The material i s then coo l ed r a p i d l y , the rapid c o o l i n g r e s u l t i n g in be t t er p l ia-
b i l i t y and toughness to the rather b r i t t l e par t i c l e s . Several type s of e x f o l i -



ators are in use. One d i f f i c u l t y encountered in e x f o l i a t i o n is that the p a r t l y
e x p a n d e d p a r t i c l e s tend to in su la t e t h ems e lv e s and thus prevent c o m p l e t e e x f o l i -
ation, \«hen vermiculi te is expanded in an o x i d i z i n g atmosphere , it y i e l d s a
g o l d e n - c o l o r e d p r o d u c t . In a r educ ing a t m o s p h e r e , the end p r o d u c t i s e l l v e r -c o l o r e d . T h i s c h a r a c t e r i s t i c is important when e x p a n d e d v ermi cu l i t e is used inpa in t s , p igment s , and inks.

G e o l o g y
The general g e o l o g y of the area was f i r s t s t u d i e d in d e t a i l by Pardee and

Larsen*, a l t h o u g h other i n v e s t i g a t o r s and the writer a l s o have s t u d i e d the area.
T h i s part of Montana is underlain by quartzite and a r g i l l i t e (hardened sandstoneand s h a l e ) and impure l ime s t one of the Belt series of u p p e r m o s t pr e-Canbr ian age,

Figure 4 . — G e o l o g i c map of Libby vermiculite d e p o s i t , Linco ln County.p C s , Spokane f o r m a t i o n ; p € n , Nerc land f o r m a t i o n ; p € r , Raval l i f o r m a t i o n ,sy, s y e n i t e ; py, p y r o x e n i t e ; v , t i o t i t e rock a l t e r e d to v enai cu l i t e .

t o t a l i n g more than two mile s in thickness. The general regional s tructure atRainy Creek is a l arge open syncl ine in which the S p o k a n e and Kewland f o r m a t i o n s( s u b d i v i s i o n s of the B e l t ) lie in the center. Minor f o l d i n g and f a u l t i n g arepre s en t , and dip of s trata is commonly 30 to 50 degrees. At Rainy Creek in-trusions of pyrox en i t e and syeni t e , t oge th er with some p e g m a t i t e , intruded the
Belt s t r a t a in l a t e Cre taceous or p o s s i b l y e a r l y T e r t i a r y time, and these rocks
*Pardee, J. T,, and Larsen, E. S., D e p o s i t s of vermiculi te and other minerals—in the Rainy Creek d i s t r i c t near Libby, Montana: U. S. G e o l . Survey, Bull. 805-B, pp. 17-29, 19Z9.
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now f o r m a s tock about f o u r mi l e s l o n g and two mi l e s vri.de. P r o p o r t i o n s of the
pyroxeni t e ' a n d syenite a r e about two-th irds a n d one-third r e s p e c t i v e l y . ( S e e
map, f i g u r e 4 ). The v ermicu l i t e is a cons t i tuent of the pyrox en i t e ,The pyroxen i t e , f i r s t intrusive of this group, i s a coarse-grained dark-
colored rock with a greeni sh t inge , so a l t e r e d that it can be crushed bygqueez ing in the hands. In the s h a l l o w workings h o l e s for b l a s t i n g could be
d r i l l e d with an auger if so d e s i r e d , however excavat ion is e s s e n t i a l l y by pow-er shovels without b l a s t i n g . Mineral c o m p o s i t i o n of thi s intrusive d i f f e r sf r o m p l a c e to p l a c e f r o m nearly pure pyroxene ( d i o p s i d e ) to nearly pure bio-t i t e , A l t e r a t i o n has p r o d u c e d vermicul i t e and in some p l a c e s amphibo l e as-bestos. A p a t i t e (ca l c ium p h o s p h a t e ) containing much f l u o r i n e may c o n s t i t u t e5 to 10 per cent of the rock, an amount unusual ly high, and t i t an i t e and mag-
netite with i lmeni t e are l o c a l l y present up to 10 per cent. F e l d s p a r is pre-sent in varying amounts, g e n e r a l l y l e s s than 15 per cent. Vanadium is a minorconst i tuent of some of the pyroxeni t e , al though it is r e p o r t e d to be pre s ent upto four per cent in small concentrations,** The vermiculi te-bearing area hasbeen de s cr i b ed as ly ing in a zone about 2000 f e e t wide and two miles long strik-ing northerly. H a r d , re s i s tant vertical syenite dike s 5 to 10 f e e t wide lie
p a r a l l e l and f o r m "ribs" in the vermicul i te zone.

S p e c i f i c gravity of the pyroxeni t e is about 3.4. An analys i s of a s a m p l eof the pyroxeni te shows the f o l l o w i n g cons t i tuent s ca l cu la t ed in terms of oxid-es of me ta l s , a l though of course p r a c t i c a l l y all c on s t i t u en t s are in the f o r mof s i l i c a t e mineral s ,
A n a l y s i s o f pyroxeni t e f r o m Rainy Creek , Montana*

S i l i c a ...»
Alumina. ...
F e r r i c oxide .
F e r r o u s oxide.Magnes ium oxide
Calc ium oxide.

per cent
37.47

2.86
11.777.83
10*12
21,68

per centS o d i u m , and p o t a s s i u m oxides . . 1,30
W a t e r , ............ 1.00
T i t a n i u m oxide ........ 1,07f h o s p h o r u s p e n t o x i d e . 4 ... 4*33
Vanadium ox ide ........ 0*12F l u o r i n e ........... 0,36

The syenite is medium to coarse grained, nearly white when f r e s h , but iron-s tained on weathered s u r f a c e s . In a d d i t i o n 'to the main mass are the many dikeswhich cut the p y r o x e n i t e , and it is s u g g e s t e d that the large body of syenite
may a c t u a l l y be made up of several s m a l l e r s epara t e intrusions massed t o g e t h e r ,
Mineral c o m p o s i t i o n is c h i e f l y p o t a s h and soda f e l d s p a r s with about 15 per cent
muscovite l o c a l l y , and acces sary minera l s are dark d i o p s i d e and hornblende ,
f l u o r i t e , a p a t i t e , t i t a n i t e , b i o t i t e , and garnet. The syenite d i f f e r s both intexture and c o m p o s i t i o n with l o c a l i t y , and at the south end of the stock asyenite dike containing n ephe l in e and a l b i t e is r e p o r t e d ,

P e g m a t i t e d ike s are rather common. T h r e e d i f f e r e n t t y p e s have been not ed:( l ) m a f i c , that i s , dark c o l or ed a n d compos ed l a r g e l y o f pyroxene; ( 2 ) syeni t i c ,
that i s , l i gh t co lored and compo s ed mainly of f e l d s p a r without quartz; and (3)

.granit ic , that is, composed mainly of f e l d s p a r with quar tz j T h i s order is alsop r o b a b l y the age sequence. The granit i c t y p e s are smal l and most common, they
cut all rocks, of the d i s t r i c t , and they grade into g l a s s y quartz veins whichl o c a l l y contain small amounts of c o p p e r , l ead , and manganese minerals. Thej j y e n i t i c p e g m a t i t e s grade a long their strike into ordinary syenite, and they
**Larsen, E . . . S , and H u n t , ' . <« F», Two v a n a d i f e r o u s a eg i r i t e s f r o m Libby, Montana :Am, J o u r , S c i , , 4th ser,, vol. 36, no, 213, pp. 289-296, 1913.*Pardee, J, T, and Larson, op, cit., p, 21,
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: > ' 4 *m appear to be associated with a wide-spread wave of hydrothermal a l t era t i on w!
a f f e c t e d the pyroxeni t e , a l t e r i n g pr e - e x i s t ing mineral s to vermicul i t e , asbe
toe, and ser£ci te mica.The vermiculite has no natural exposures , but so i l s in the outcrop area
show mica-like f l a k e s , and have a y i e l d i n g , s l i p p e r y f e e l under f o o t . Vermi-cu l i t e occurs d i s s eminated in the pyroxen i t e throughout its -area of exposureand in several dike-like or irregular lens-shaped concentrations the rock ma;be nearly pure vermiculite. L o c a l l y , c ry s ta l s (books.) up to ten inches aeromay be i rr egu lar ly massed ' t o g e t h e r , but in the pyroxen i t e , c ry s ta l s are com-monly le s s than one or two inches across. The margins of concentrations gene r a l l y grade into the pyroxeni t e , the amount of pyroxene increasing until *h.amount of vermiculite may be l e s s than 10 or even 5 per cent. The concentra-ions have a nearly vertical trend, and may be as much as 100 f e e t wide and1000 f e e t l ong, al though, their width is more commonly 20 to1 40 f e e t . S l i pp l a n e s cut t ing the concentrations of vermiculite are common, but are appar en
ly much later and had quality of the vermiculite.The chemical compos i t i on of the vermiculi te , as analyzed by the N a t i o n aBureau of S t a n d a r d s , is as f o l l o w s :

• •A n a l y s i s o f . vermicul.ite f r o m Rainy Creek, Montana
Per cent

S i l i c a ...... 41,0Alumina , . . . • 18.0
I r o n oxide . . • • 7.0.
Calcium oxide, . . 1.0

Per cenMagnesium oxide . « *..., . 21.0S o d i u m and p o t a s s i u t t oxides 1*0
Mois tur e . . . ...... 11.0

I n f o r m a t i o n on reserves o f . v e r m i c u l i t e is not ava i lab l e , but. i t is. r epor t edbe adequate for many,years to come. The grade over a - p e r i o d , of years has meall market requirements, and t h e r e ' - i s -no indication that g r a d e « K i l l changewithin t h e known bodies o f r e s e r v e ' m a t e r i a l . ' / . ,
V e r m i c u l i t e d e p o s i t s near H a m i l t o n .

•The vermicul i te d e p o s i t s on Gird Creek about 11 air-line mi l e s east of
H a m i l t o n (se e f i g u r e 5 ) have been opened only by s h a l l o w p i t s and short adiExtensive t e s t s on the grade of material (amount of e xpans ion , e t c .) have nobeen made throughout all p a r t s of the area. The d e p o s i t of verraiculite-bearing rock, about three mi l e s l ong and one mile wide, shows promise of beingcommercial , and would seem to warrant add i t i ona l d eve l opment work.

The d e p o s i t may be reached f r o m H a m i l t o n by automobile over about 6 milof graded road and 12 mi l e s of mountain road the la s t h a l f of which has beencut by bu l l -doz er along a s t e e p mountain s l o p e on the north side of Gird Credrainage. The area is near the crest of the south end of the S a p p h i r e Mountains, a rugged range - thickly covered with timber and reaching a l t i t u d e s ofover 8000 f e e t or abou-fc 5000 f e e t above Bitter Root River v a l l e y at H a m i l t o n
S t a t e Highway 57, l o c a l l y known as the Skalkaho road, ccosses the range abou
2|- mi l e s southeast of -the d e p o s i t ; but only t r a i l s extend f r o m the d e p o s i t tthi s highway. Creeks f l o w i n g east and west f r o m the S a p p h i r e Range p a s sthrough de ep narrow canyon-like val l eys mos t ly inaccessable by automobile.Much of the immediate area of vermicuibite-bearing r,ocl; has been t h e - s i t e . o f "f or e s t f i r e , and f a l l e n timber caus.es d i f f i c u l t y in .traveling.

Hamilton, p o p u l a t i o n about 2000, is the county .seat of Ravalli -County,It is on a branch line of the N o r t h e r n P a c i f i c Railway 48 mile s south of
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J l i s s o u l a , and a l s o en U* S, H i g h w a y 95, an e i l - s u r f a o e d road which extendi
from M i s s o u l a t o S a l m o n , I d a h o .

•'-•¥,

Scal e: 1 in. c 1 mi.
R. 20 iff.

F i g u r e 5 . — M a p showing lo ca t ion o f vermiculi te d e p o s i t s near H a m i l t o n .p € s , Spokane f o r m a t i o n ; p 6 n , Newland f o r m a t i o n ; qia, quartz nonzonite;py, vermiculi te-bearing p y r o x e n i t e , .
M i n i n g claims were f i r s t laid out on the d e p o s i t s in 1930 by Mr, S. H,( S w i f t ) Chamber la in of V i c t o r (now d e c e a s e d ) and a s s o c ia t e s . P r o s p e c t i n g bymeans of p i t s took p l a c e in the next two or three years. Numerous interes tedp a r t i e s , in c lud ing the Universal Z o n o l i t e I n s u l a t i o n Company, have examinedthe proper ty . During; the summer of 1948 the F & S Cons t ruc t i on Company ofButte inve s t iga t ed two l o c a l i t i e s , one near the west end of the area and oneon H o r s e Ridge , by means of b u l l - d o z e r cuts, and had s a m p l e s t e s t e d for ex-

pansion and purity. A l t h o u g h the vermiculite. was considered to be of commerc-ial grade, d e v e l o p m e n t work was not continued because tonnage available wasin question.
The vermiculi te occurs in an intrusion of pyroxeni t e (dark-colored igne-ous r o ck) which cuts impure l ime s t one and a r g i l l i t e s of the N e w l a n d f o rmat i on

of the Belt series of pre-Cambrian age. A s s o c i a t e d with the pyroxenite areintrusive masses of syenite and al so p e g m a t i t e dikes. Extensive areas ofgranitic intrusions (quar tz monzoni t e) are a l so present in thi s general region,and they probably mark the eastern margin of the I d a h o batholi th. In general,
the area underlain by pyrox en i t e is soil covered, but exposure s of underlyingrock may be observed p l e n t i f u l enough to permit d e t a i l e d m a p p i n g ,

P e t r o g r a p h i c s t ud i e s of the rock t y p e s and mineral a l t e r a t i o n s show thatthe H a m i l t o n " d e p o s i t is very s imilar to the Libby. d e p o s i t in all of its gen-eral characteristics,, al though the two d e p o s i t s are 175 miles apart. Ad-di t ional rock t y p e s are h o r n b l e n d i t e and m e l a d i o r i t e , both of which resemble •
pyroxenite in hand specimen. Both magnetite and t i t a n i t e ( s p h e n e ) are p l en t i -«f u l , the. f o rmer ranging up to 15 per cent and the l a t t e r up to 4 per cent.
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A p a t i t e i s p l e n t i f u l a l s o , ' a n d unusual s i l i c a t e minerals such as tourmaline and
t i t a n i f e r o u s garnet may be observed.The vermiculite (or h y d r o b i o t i t e at some p l a c e s ) occurs as d i s s eminat i on sand as concentrations in the pyroxeni t e . Some occurs in dike-l ike or tabularbodies six inches to two or three f e e t in width in which crys tal s one to four
inches in diameter.are present. Many of those s t r i n g e r - l i k e concentrat ionscut the pyroxenite nearly v er t i ca l ly . S u c h a condi t i on was observed near the
west end of the area, but it is probable that similar condi t ions occur else-where. Some basic pegmat i t e is present. Much of .the vermiculite is f i n e grain-ed (1/32 to 1/8 inch), and occurs in a more or l e s s .solid mass s p a r s e l y mixedwith other minerals. Such is the case on H o r s e Ridge, a narrow ridge extend-ing south-westward at about the middle of the area. Only trenches and p i t shave been dug at this l o ca t ion, but there a p p e a r s to be a s i z e a b l e concent-ration which grades into the pyroxenite on its margins. About one mile eastof Hors e Ridge additional occurrences may be observed, A 50-foot adit has beendriven into, a mass of the mica-like material, and vermiculite is present through-out its l ength. Several p i t s haUc been dug nearby, and vermiculi te is e x p o s e din road cuts along the switch-backs which take the road to the divide of drain-age. On this divide at 8000 f e e t a l t i t u d e are more p i t s in vermiculite-bear-
ing rock, ' .The accompanying map ( f i g * 5) shows the area of dark-colored igneous rock&e outl ined by the p r o s p e c t o r s who staked out the mining claims. It is theirword that vermiculite may be found f r o m p l a c e 1 to p l a c e throughout the area.The writer has Observed it across, an area ab6ut -three miles long.Preliminary t e s t s show that the vermiculite f r o m d i f f e r e n t p l a c e s exhibi t ssomewhat d i f f e r e n t a b i l i t y for expansion, however-material o f commercial gradeis present. Material f r o m the c e n t r a l ' p a r t of the area ( H o r s e R i d g e ) whichweighed 86,6 pounds per cubic f o o t unexpanded y i e l d e d an expanded materialwe ighing 11,2 pounds per cubic f o o t . T h i s material contained -about 18 per
cent of material which did not respond to expansion proces se s . Another sampl e ,small in sice, had a weight o f be tween' 60' to 7 b : p o u n d s per cubic f o o t b e f o r eexpansion, and about- 15 pounds per cubic f o 6 t a f t e r : e x p a n s i o n .Before operation, thorough sampl ing and t e s t ing for quali ty should bemade f rom p lac e to p l a c e throughout the area, and tonnages of rdnable material -should be determined. It is probab l e that success of any large- s ca l e operat-
ion will require m i l l i n g of the run-of-mine material to remove rock or assoc-iated minerals which would be included with the vermiculite in the proces s ofmining,

Vermicul i t e d e p o s i t s in the Bearpaw Mountainsnear B o x e l d e r ,
Material c l a s s i f i e d as vermiculite has been discovered and opened by p i t s ,

a d i t s , wad incl ined s h a f t s in the Bearpaw Mountains 25 mile s east of Boxe lderon the Rocky Boy I n d i a n Reservat ion, ( S e e f i g u r e 6) Boxe lder , a town of about500 popula t ion, is on a branch line of the Great Northern Railway 23 milessouthwest of Havre which is county seat of H i l l County in which the d e p o s i t s
l i e , ' S t a t e highway No, 29 p a s s e s through Boxe ld er , Good graded roads extend -f r o m Boxelder to within 15 miles of the d e p o s i t , and easi ly traveled mountain 'roads continue to the d e p o s i t . The a l t i t u d e o f - B o x e l d e r is E,682 f e e t , and ofthe d e p o s i t s , which lie near the head of the north f o r k of .Big S a n d y Croek,is about 4,000 f e e t , . ;,

t Havre, the p r i n c i p a l city in th i s part of Montana, has a p o p u l a t i o n ofabout 7,000, Princ ipa l indus tr i e s in this region are stock rai s ing end grain



farming. No extensive minging has been.carried on, a l though coal is presentin th i s part of Montana. N a t u r a l gas -occurs near Havre.
The Bearpaw Mountains, e s s ent ia l ly a p i l e of lava and associated in-trusives on and in re la t ive ly f l a t - l y i n g u p p e r Cretaceous s trata, stand outi s land-l ike at the western margin of the Great Plains which s tre t ch out:.as alevel f l o o r for many miles in all directions. Rapid ly eroding streams havecut d e e p val l eys into the p la ins .

oil

s.
Figure 6 . — I ' a p showing l o c a t i o n o f v e r r J L c u l i t ed e p o s i t in the Bearpaw l & m n t a i n s , H i l l County.

The Bearpaw Mountains are unique to g e o l o g i s t in that the igneous mater-ial which broke through the f l a t - l y i n g blanket of young s ed iment s contains un-
usual minerals and unusual type s of rocks ( p o t a s h rich). In p l a t e s the stratahave been bent into f o l d s and domes , and l a c c o l i t h i c s tructure occurs. Al-
though this area was a seat of volcanoes , the time is so remote that erosionhas removed t o p o g r a p h i c evidence of their existence, and now in the heart ofthe mountains only the "roots" of these erupt ions are pre sent .The d e p o s i t s were f i r s t opened in 1929 when an air compres sor and other
machinery for mining operations.were i n s t a l l e d and cabins were built. E f f o r tto market the material met with l i t t l e succes s , and a f t e r a few years oper-ations ceased and machinery was removsd. S i n c e the recent war interest hasbeen revived, and during the summer of 1947 mine workings were being cleaned^ out, and put into condi t ion for operat ion.

^ The vermiculite nay be observed in an open cut about 40 f e e t above creekf l e v e l , and in an adit driven beneath the cut. Several dike-like concentrat-
ions which stand nearly vertical are f r o m two or three inches up to nearlyJ f o u r f e e t in width. T h e s e have been de s cr ib ed as basic p egmat i t e dikes. Al-|tered rock, now e s s e n t i a l l y clay, s eparate s the micaceous material; but at the

"aides of the cut r e la t iv e ly f r e s h rock (syen i t e and momzoni t e) is present.main mass of rock c o m p r i s i n g the intrusive in v/hi ch the .vermiculite depos-lie is monzonite, a rock somewhat s imilar to granite but containing noee quartz., JThe d e p o s i t present in the open cuty may be traced up the s t e e p
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s l ope by means of p i t s for perhaps 200 to 300 f e e t . Another body of the mica-like material has been opened 225 f e e t west of the cut by means of an inclineds h a f t . S t i l l other occurrences are opened by p i t s or adits 300 f e e t acrossthe valley, but the amount of vermiculite at this locat ion appears n e g l i g i b l e .The material is in the f orm of thin dikes cu t t ing syenite.Material from d i f f e r e n t p la c e s , exhibits a d i f f e r e n c e in its ab i l i ty to ex-pand. That f r o m the open cut and underlying adit appears best. T h a t f r o m theinclined s h a f t resembles b io t i t e mica more closely. It has been sugge s t ed byoperators that vermiculite of bet ter grade is near the land s u r f a c e , whereasthat material f a r t h e r underground has not been altered as much, and consequent-ly does not expand as much when heated* T h i s observation was not v e r i f i e d .In general the material does not meet the s p e c i f i c a t i o n s given by T y l e r ( S e epage 23). S h o w i n g s in the present mine workings indicate that the d e p o s i t isl imited in size, but it would seem probable that with se lect ive mining muchmaterial can be produced.
Vermicul i t e d e p o s i t s near Pony.

The vermiculite d e p o s i t s about h miles northwest of Pony ( S e e f igure 7)and other d e p o s i t s reported in Isadi son County (county seat, Virginia C i t y ) ,are quite d i f f e r e n t f rom those ju s t described in that they are alterations of& biotite or hornblende schist which is a unit within the pre-Cambrian meta-morphic complex widespread in southwestern liontana. No commercial product-ion has been a t t empted f r o m these d e p o s i t s , but p r o s p e f t p i t s have been d u g ,f ind northwest of Pony several extensive cuts have been made by means of a bull-dozer, uncovering the material to a d ep th of 5 to 10 f e e t over areas 20 to 50f e e t wide aid 25 to 100 f e e t long. Development was carried on about 19UO.Pony, populat ion about 300, is on a branch line of the Northern P a c i f i cRailway. A good graded road extends to Pony from S t a t e Highway No. 1 at Har-rison, a small town six miles dis tant f rom Pony. Dirt roads, which are roughbut pas sable , extend north from Pony and west from Harrison, converging to-ward South Boulder Creek. The bull-dozed area l ie s about one and one-halfmiles north of the road to South ^oulder Creek, / a n d three miles east of thiscreek. A f i e l d road easily traveled 1 by automobile leads northward to the de-pos i t . No prominent exposures of the vermiculite-bearing rock may be seen,al though examination of the soil reveals p a r t i c l e s of the mica-like material ,The d e p o s i t s lie near the divide of drainage on a gently west-sloping surfaceon which vegetat ion consists mainly of grasses and sage brush, and scatteredpine trees. T h i s region is in the northern f o o t h i l l s of the Tobac c o RootMountains• The a l t i tude of Pony is 5UU3 f e e t above sea level, and of the de-p o s i t s about 6500 f e e t . . .
The metamorphic complex in this part of Madison County, general ly consid- .ered the .Pony series, consis t s e s s en t ia l ly of l ight and dark-colored gneisses ,containing much quartz, hornblende, and b io t i t e in addi t ion to f e l d s p a r . Some /zones in the gneiss contain so much hornblende that they may be considereda m p h i b o l i t e , and other zones are e s s en t ia l ly b io t i t e mica, hany bodies ofpegmat i t e cut the metamorphic complex , and small stringers of q u a r t z - f e l d s p a rp e g m a t i t e , are present in the area of bull-dozer cuts. T h e - d e p o s i t i o n of peg-matitic material is no t . c on sp i cuou s , probably because large bodies have notdeve loped in this immediate l o ca l i ty . The main mass of the Tobacco K o o t bath-o l i th lies about f o u r miles southward, but small granitic masses occur withinthree miles south and west. The layers of the metamorphic rocks dip 80 to 8$.;degrees northeas t , and the p egmat i t e stringers commonly f o l l o w the layers.F o l d e d quartz i t e , shale, and limestone of middle Cambrian age overlie the



metaraorphic rocks about hal f a mile north of the vermiculite d e p o s i t s .The vermiculite-bearing rock is in a zone of typical medium-grained sch-- ist about one-fourth mile wide. The schist is well l ayer ed , and in open cutsshows gneissic bands of quartz and f e l d s p a r , these layers being f r o m an inchor two to perhaps a f o o t . i n thickness. The vermiculite occurs in similar lay-ers, but their thickness may reach several f e e t . However, in the purest ma-terial grains-of quartz and f e l d s p a r , and also garnet, may be di s s eminatedthrough the vermiculite. All of the micaceous mineral does not show equal ex-pansion, apparen t ly some not having quite reached the "vermiculite s tage"o falteration.

Figure 7 . — M a p showing locat ion of vermiculite d e p o s i t s near Fony.
The Pony vermiculite is f i n e grained, average size ranging from aboutto 1/50 of an inch in diameter. The mineral p l a t e s may be 5 to 6 times aswide as they are thick. Hence the expanded material is f i n e grained, a con-dition which might limit its ut i l ization to special purpose s . The reserve is; extremely large, and apparen t ly vermiculite o6curs in nearby areas not expos-•ed by d i g g i n g . '•. Mining operations could readi ly be carried on by open cut methods. The•/material mined would require concentration because of the large amount of un-desirable minerals associated with the vermiculite, and this amount in somev
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material may be h a l f the volume. However , some zones of v ermicu l i t e are near-
ly pure.Other areas of vermicul i te-bearing schist have been repor t ed south of Har-rison, near Ennis, near V i r g i n i a C i t y , and southeas t of Dil lon . T h e y have notbeen opened extens ively by d i g g i n g , and d e ta i l ed in format ion concerning themis not at hand. Some of the material examined gr ea t ly re semble s the materialf r o m the Pony d e p o s i t , and it is probable that all these occurrences are muchalike. T h e y lie in the extensive area of schist s and gnei s s e s compri s ing themetamorphic complex of southwestern Montana,

^j.ca-i>earing i J i k e S o u t h bi bo f c eman
An unusual mica-bearing dike is present on Squaw Creek drainage 15 air-:line miles south of Bozeman and about three miles east of U. S. H i g h w a y No.191, which pas s e s along G a l l a t i n stiver, (See fig. 8, p. 36). The dike is onemile up a small tributary of Squav, Creek knov,7i as iiica Creek at a point wheret h e . g u l c h f o r k s . The country rock is pre-Cambrian gneiss and s c h i s t , but itis cut in many p la c e s by l igh t- and dark-colored dikes and s i l l s , and by peg-mati t e dikes. A dark-colored igneous intrusion six miles south of Squaw Creeknear K a r s t K a m p has al tered into a commercial d e p o s i t of amphibo l e asbes tos .The region is mountainous and heavily timbered.The mica-bearing dike s tands nearly vertical and s trikes nearly due northup the nose of a s t e ep- s ided r idge lying between the two f o r k s of Mica Creek.It can be traced for over 600 f e e t along the s u r f a c e . The width of the bodyis variable, but near its southernmost exposure which is at creek level it ap-pears to range from 10 to 20 f e e t in thickness. The dark-green to black mic-aceous mineral, cons iderab ly a l t e r e d , is the essential const i tuent of the dike ,

and p a r t s of the dike may be almost all micaceous; however dark-colored sili-cate minerals are also present and lo ca l ly are dominant. Pegmati t i c actionshows in the f o r m of small s t r inger s of quartz , and f e l d s p a r c u t t i n g the dikerock.
The micaceous material a p p e a r s to be an altered b i o t i t e or hydrobio t i t e .Most of it is i rr egu lar ly massed t og e th er in sheets (or b o o k s ) l e s s than one-h a l f inch across, but sheets two inches or more across may be observed. Themica readi ly s p l i t s into thin she e t s , but it is f l e x i b l e rather than e l a s t i cas is the case with unal t ered mica. The material upon being heated shows someexpansion amounting to perhaps two or three times, but this amount does not •warrant c l a s s i f y i n g it as a vermiculite.
The d e p o s i t has been opened by a short adit near creek l e v e l , and by sev-eral p i t s and trenches spaced at interval s along the outcrop. N o n e of the ma-terial has been marke t ed, and there seems to be no demand for it at present .The d epo s i t is of g e o l o g i c i n t e r e s t , and it is i l l u s t r a t i v e of this type ofdike which may be f ound elsewhere in -western Montana.
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- - P A R T I V . A S B E S T O S
General C o n s i d e r a t i o n s

A m p h i b o l e a sbe s to s has bsen produced in Lontanu on a conmercial s ca l e
f r o m d e p o s i t s near K a r s t Resort south o f Bozeman. S e r p e n t i n e a s b e s t o s
occurs near C l i f f Lake, but has not been p r o d u c e d on a commercial s cale .Occurrences of a s b e s t o s have been r e p o r t e d at Libby, and it is p o s s i b l e
that unknown d e p o s i t s of commercial s ize are pre s ent e lewhere in Montana.

The value of a s b e s t o s l i e s in its unique a b i l i t y to be s e p a r a t e d into
f i n e f i b e r s , even as f i n e as 1/5000 inch across. S i n c e a s b e s t o s is a
r o c k - f o r m i n g mineral the se f i b e r s ar e r e f r a c t o r y ( d i f f i c u l t t o f u s e ) , and
are d e s i r a b l e for f i r e and heat insulation. The f i b e r s are al so acid re-
s i s t i n g , and of course w i l l not decay.

A s b e s t o s , a na::e a p p l i e d to a group of minera l s , is b r o a d l y of the two
d i f f e r e n t t y p e s , a m p h i b o l e and s e r p e n t i n e , the l a t t e r being valued at about
ten t ime s the f o rmer . Ths f i b e r s of the a m p h i b o l e var i e ty, a l s o known as
" b r i t t l e a sb e s t o s " , tend to break and hence cannot be woven into c l o t h ; but
mixed with a b i n d e r , such as p l a s t e r of Pari s , thi s t y p e i s e x c e l l e n t for
the manu fa c tur e o f f i r e - p r o o f wa l l - board and s h i n g l e s , f or steam p i p e and
furnace coverings, and many other commodi t i e s .

S e r p e n t i n e a s b e s t o s , a l s o known a s c h r y s o t i l e , s e p a r a t e s into f i n e
s t r o n g s i l k y f i b e r s ..hich can be spun into thread and woven into a f l e x i b l e
c l o th . S u c h c l o t h i s va luab l e f o r f i r e - p r o o f c l o t h i n g a n d g l o v e s , f o r f i r e -
p r o o f cur ta ins in t h e a t e r s ; but in p a r t i c u l a r for brake l i n i n g s , c l u t c h
f a c i n g s , and g a s k e t s in a u t o m o b i l e s for which most of it is used. Because
of the s e c h a r a c t e r i s t i c s it is much nore va luab l e than a u p h i b o l e a s b e s t o s ,
but good d e p o s i t s of it are not p l e n t i f x i l . S e r p e n t i n e a s b e s t o s is a hydrous
s i l i c a t e of magnesium; u m p h i b o l e a s b e s t c s is a nagnesium s i l i c a t e containing
some c a l c i u m , aluminum, or iron, A d e f i n i t e d i s t i n c t i o n must be made be-
tween the two k i n d s of a s b e s t o s ,

A s b e s t o s is easy to r e c o g n i z e , As it occurs in the ground it is a hard
s o l i d f i b r o u s mineral commonly showing p e a r l y l u s t e r . However , smal l p i e c e s
can be p o u n d e d e a s i l y into a f i b r o u s mass .re s embl ing c o t t o n - b a t t i n g . Dis-
t i n c t i o n between the tv«o t y p o s can be made by f l u f f i n g the mineral and then
rubbing between th e f i n g e r s . A m p h i b o l e a s b e s t o s w i l l d e v e l o p a p o w d e r y
mass, but s e rpent ine asbe s to s wi l l rol l into a thread.

The two t y p e s of a s b e s t o s s e l d o m are pr e s en t in the sane d e p o s i t . The
common f e a t u r e of all d e p o s i t s i s some d e g r e e of me tamorphi sm, in most cases
extreme. S e r p e n t i n e a s b e s t o s may occur in a l t e r e d basic igneous rocks, such
as d u n i t e or p e r i d o t i t e , or in a l t e r e d d o l o m i t i c marble or l i m e s t o n e .
About 90 percent of the w o r l d s s u p p l y i s d e r i v e d f r o m duni t e or p e r i d o t i t e
which have been a l t e r e d f i r s t to s e r p e n t i n e , A m p h i b o l e a s b e s t o s may occur
in a l t e r e d basic igneous rocks , or in s e d i m e n t a r y rocl:s converted to s chi s t
or gne i s s . Both t y p e s or ig inat e oy de ep- s ea t ed a l t e r a t i o n of p r e - e x i s t i n g
rocks.

D e p o s i t s o f minab l e a s b e s t o s in xhe U n i t e d S t a t e s are l i m i t e d in extent.
D e p o s i t s of c h r y s o t i l e have been worked or e x p l o r e d in seven or more s t a t e s ,and a m p h i b o l e a s b e s t o s in nine or more s t a t e s ; however, t o ta l U n i t e d S t a t e s
p r o d u c t i o n is only f r o n t 1 to 2 percent of the world s u p p l y , and th i s
country i s p r a c t i c a l l y d e p e n d e n t on i m p o r t s f r o m othsr countrie s . C a n a d a
p r o d u c e s about 60 p er c en t of the world s u p p l y , southern A f r i c a and Russia
being next in importance. T o t a l world p r o d u c t i o n normaly ranges f r o m 400,000to 600,000 tons per year, of which the U n i t e d S t a t e s i m p o r t s over 50 percent.

V
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P r i c e o f c h r y s o t i l t , a s b c s L o s ran_.r~ f r o m C ' C O t o £750 p e r t en, d e p e n d i n g o n grud
and o f a i r . p i f i i b o l e a s b e s t o s f r o m CvlO to ;.40 por ton. L t r . j t h o f f i b e r , a s w e l l a s
t y p o , i s i m p o r t a n t i n i i t t ' j r i : . L n i r . g u t i i - . t y a n d value .

Ash..-: tn c d e p o s i t s n^ar K a r s t
L o c a t i o n and a c c e s s i b i l i t y * T h e - a r p h l i - o l c t y p s c f a s b e s t o s ha s boun i*

a n d m a r k e t e d f r o m a d e p o s i t 3 2 r,ii.-r. s c - i - h v . i t o f ' L o z c n a n near i l a r s t R e r o r t
G a l l r . t i n River. M i n i n g has I c o n carri..d •-.:: ir. or.l\ one p l a c e , but a s b e s t o s
at o thor p l a c e s v i t i i i n 1500 f e e t bo th cast ui -a vest.

R. 3 S H 4 _ E, R 5 E '•- 6 £ .'; 7 E.

on
shov.-s

F i g u r e 8 . — i i a p chov;in t l o c a t i o n o f iiica P.reek de-
p o s i t and the } ar . -Jt t i s b e s t o s d e p o s i t .

K a r s t i s 22 n x l c s s ou th o f G a i l u t i r . G a t e w a y , a s t a t i o n on a branch l i n e o f the
C h i c a g o , I / . i l v / a u k o e , S t . P a u l , a n d P - c i f i c Ruilw. iv, a n d t h e nearest s h i p p i n g p o i n t .
U , S . i l i - h w a y 191, which i s o i l s u r f a c e d , s x t o n d s c . l o n g G a l l - t i n R i v & r p a s t K a r s t .
E l e v a t i o n o f G a l l a t i n G a t e w a y i s 1900 f o o t r.nd of K a r s t about 5700 f o o t above
s e a l e v e l . Th.-; area i s mountainous . . T h , M a d i s o n Range l i u s o n t ' . i e v / e s t s i d e o f
G o l l a t i n R i v f ; r , and tho G a l l a t i n Range on the «.;t-.st s i d e , G u l l a t i n Peak ^.bout 15
m i l e s v . o s t v / a r d h a s u n a l t i t u d e : o f 10,967 f - j t , G u l l a t i n River i n t ' . i i s l o c a l i t y
f l o w s t h r o u g h a narrow s t e e p - s i d e d v a l l t y h t i v i l y tip.l-c.-red i n r ; os t p l a c e s .

Tho a s b e s t o s d e p o s i t s lie 200.. to 4000 f e e t west of the highway and river on
a s t e e p m o u n t a i n s l o p e . T h e y arc r.hout 1000 f e e t h i g h e r in e l e v a t i o n than thoriver. A s i d e road c r o s s o G tho rivor on a v . ' o o d « n b r i d g e , and c o n t i n u e s about 800
f e e t to a sr?.al l n u l l ar.d c a b : n s . A b u l l - d o z e r road and a f o o t - t r a i l l o a d up the
s l o p e to the nine, and a her so t ra i l cor.<-I .uc-s on into the mounta in s ,

T h v d e p o s i t s wire d i s c o ' . c r s d n o i r V , • i l f a c entury a g o b y Pet er F . K a r s t v . ' h o
n o t i c e d t h e unusual mineral v h i l e h u r t i n g / ' o r d e e r c I t i s s t a t e d that about B O G
tons of a s b e s t o s wore huui~d on hors._- L-uck do'.fn thu nountain s l o p e and then hu.: L. i
t o s h i p p i n g p o i n t s in th e n«xt f«w yc.irs. Liir^r s c a l o d c v u l o p t a o n t d id no t pr c i : j ' --d
u n t i l 1935, n e a r l y 40 years a f t e r d i s c o v e r y , when th e K a r s t o l i t c C o n p a n y r o o p c
the d o p c s i t .:y opc-n-cut and lci>in d.^v-.]o;jr.cr. t . T h e y p r c d v i c c d a prcd-.-c 1: c a l l o d
K a r s t o l i t o u s ed f o r v y a l l a n d c e i l i n g i n s u l a t i o n . I n 1938 t h e Lontam. A s b - j s t o s
C o r r p a n y t ' . g a n a n o p j r d t i o r , which c o n t i n u e d f o r t w o yc^rs. A n a e r i a l tram w a s
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c o n s t r u c t e d , . .nd the a s b e s t o s v. '^s r . i l i o d . .nd ccncc-iitr.-.t.d r . ,_r r i v , r l e v e l ,s - ck ed , -nd th en t r a r . s p o r t a l by t r ' . i ck t o G . l l ; t i n G:.t..v.\.y, f r o m vhore i t v .- . s
s h i p p e d by ru i l to r.^rk.ts. Th. p r o p e r t y th.*n r.,r:airv..d i . i l c u r i t i l 1947 v;hcr.
the I n t e r s t a t e P r o d u c t s Corrp^ny cut the L u l l - d o z - r ro:-.d up the s t e e p r.ount.-.ir
s l o p e , ..nd pr«..p..red i'or c onr:i - r c i r. I d o \ o l o r . r . : ^ n t ,

G e n e r a l G ^ c l o g > ; T h e rocks u n d e r l y i n g t h e a r e ' - i o f ...sbestos d e p o s i t s , a n d
for s j v ^ r . . i n i l e s around t h i s -.re 1 -, arj m a i n l y a p-.rt of r. c o m p l e x se-rie-s of
b o n d e d and c o n t o r t e d gu. . i s s e s and s c h i s t s of e;-.rly prc-Cunbri^.n :.re. Th-.,-y --.re
p r o b a b l y --. p_rt of v;h.;t is K n o w n in M o n t \ h a as the Pony sc-ri^-s. I . - . c - t ' w . o r p h i s n
is so f-..r ..dv...nced tha t it i s d i f f i c u l t to d e t e r m i n e if the se- rocks were o r i g i n -
a l l y S e d i m e n t a r y or i g n e o u s , but i t i s p r o b a b l e that tr...y wer^. l a r g e l y s e d i -
Kw-nt-ry. T h e s o rocks h..v~ boon i n t r u d e d by d i k e - s or s i l l s , ' -nd most o f tru-sc
i n t r u s i o n s ir. turn show u l t . , r u t i o n , a l t h o u g h not r.ll to thu s.vr.c de-^roe -s th'vt
of tho c o n t a i n i n g rocks. S o i n o d i k e s , wnich no doubt tax to bo - s s c c i- t cd v / i t h
the Crc-t . c e o u s - T v . r t i ' . . r y i n t r u s i o n s of Mont .na, show no s i g n s of . , l t .:r-t i cn.
P o g m L v t i t j d i k e s u n a l t e r e d ..nd u n d e - f o r n i e d u l s o ^re pr--£ent c l o s e to the -:.sb..stos
d e p o s i t s . A p p a r e n t l y th-re- is more th-n on^ p e r i o d of d ik e i n t r u s i o n , ..nd some
dike-s r.^y r.nted .to the i n t e n s e n - j t a n o r p h i s m . The G ^ l l : . t i n Range or.st of t!.c
riv^r is cor. iposed ^ , s s e r . t i r ; l l y of \ th ick s e r i e s cf C r e t - C i ; o u s or T..rt i:-ry
u n d e s i t c f l o w s ' . n d br-^cci-s ( v o l c - . n i c m. i t . , r i . . l) n : . n y nil--E i n e x t e n t . L-r.d-
s l i d c s of u remote d . to h-.ve- n:.rred th_ s t _ e p s l o p e between tho r . s b e s t o s mine
c-.nd the r i v j r obscuriri |T the u n d . r l y i n g rock. T h e - y -.pp--..r ..s rcu~hly t err-ced
irec.8 !X> to 100 f ^ u t -./ ide p - r . - l l c l i n e . the f .ce of the mountain, -nd th^y ;\ro
t inb^red v / i t h I ' . r ^ . . tr^^s.

G e o l o g i c s t ru c tur e of the gr.--issic c o m p l e x is obscure, but 3 to 4 n i l e s
north _nd south o f K - . x r s t :.re r^jor f a u l t s t r e n d i n g n o r t h w e s t v / h o s o d i s-
p l a c e m u n t rn.-.y be mousurud in terns of nil^s. In th_ imedir . t e -\rc~ of the
c . s b w S t o s d e p o s i t s s m a l l e r f a u l t s cut the rocks a p p a r e n t l y in ^.n i n t r i c a t e pat-
tern.

T h u -.sb-stos occurs i n S I T . 1 1 " .Iter^d b o d i e s o f p o r i d o t i t t , n .pp . . r en t ly d i k - s
c o m p o s e d e - s s - j n t i ^ l l y o f ; . r : p ; ; i b o l c . T h e s e b o d i e s cr.nnot bo t r a c e d for ~ .r .y ccn-
s i d e r u j l e d i s t a n c e due to s o i l .nd s l i d e - r o c k cov>.r en the s t o e p t i m b e r e d s l o p . - s ,
and a l s o prob .- .b ly due to miner f a u l t i n g , S i n c e i n t r u s i o n , -lter--.tion o f th^
o r i g i n a l rock h-.s c:.us-.d the deve iop<C:.-nt of numerous v«,-in-lii:- or s t r i n g e r - l i k e
masse-s of f i b r o u s :-:iphibol-- f r o m ..n inch tc :. f o o t or mere- in t h i c k n e s s v;hich
cu t i r r e g u l a r l y t h r o u g h the d ' . r k - c o l o r e d irnoous rock. H o s t "veins" s t- .nd
n e - . ' . r l y v e r t i c a l , t l i e y s t r i k e - f r o m due nor th to U. 70° V;. , iind nany c:- .n I;e t r . L c e - d
10 to 20 f ^ e t in the- f a c e of thv nine pit.

The pure- u s b o s t o s hr.s jr^.n with its f i b e r s , which ir.ixy he a f o o t or racrc
in I f c n g t h , p r r i c t i c . i l l y -. t r ight a n g l e s t c the \ ; . . l l s o f tho c o n t a i n i n g rock.
Los t of the. f i b o r is s t r a i g h t but some.- is c i ' . r v o d , p a r t i c u l . - . r l y at e n d s , ."xs
t h o u g h Dent by e-arth ir.oveir.ont. The c o n t a i n i n g rock, p - l t h o u ^ h s u p e r f i c i a l l y
a p p e a r i n g to cont. i in no ;. sb^stos , i s inlerv,ro % .m w i t h d i s s e m i n n . t - d f i b e r s . In
the m..in w o r k i n g s o n l y a s b e s t o s and .'.It-red rock \ / v , r c o b s e r v e d , but about 350
f o o t s o u t h ' . ; . r d cle:.r s l e n d e r g r . s s-grcen c r v s t - . l s , prob-.b ly . . c t i r i o l i t e , v j r t .
ob sorvod w i t h a s b e s t o s .

Tho perce-r.t of u s b - c t o s in th^ -".sbc:-stos-b-:.rin* rock which vr:.s nined v/as
rot a c c u r a t . j l y u e t e r . . i i r ^ i ' . 0 F . s t i m - . t e - r by v ' o r k m e n ran-^e f r o m 30 to 50 per cent*
A l s o the r.n,ount c f ck.vciopi-.rn: work .- . t t ' . i e time of v i s i t r . t i o n did not p e rmi t
c a l c u l a t i o n of t c t n l r e s e r v e s o f . sb . s t o s - b . ! \ r i n g rook, hovc;v\.r s e v . ; r ' . l thous .nd
tons M-ir^ upr>:.rer.t ^t th.;+. tino. S p e c i f i c gr , v i t y cf the. -..sb.-stos r:.nf.cs f r o m
2.9 to 3.0, :-.nfi i t s . '/^iKht cur cubic f e e t of uubrr-ken rock is ..bout 185 p o u n d s .
An r . n ^ l y s i s of th . . . s b e c t o s s t a t e d i i c , r;- i e? 1 o x i d e s of e l e m e n t s i s shown on
t h e - f o l l o w i n g t - . b l - . , - . I t h r - u - h c f c ouro , p r _ c t i . : . i i y i l l o f tne s o c o n s t i t u e n t s
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are p r e s e n t in the f o r m o f a s i l i c a t e runoral. O p t i c a l p r o p e r t i e s o f tho a s b e s t o s
show i t - t o have p a r a l l e l e x t i n c t i o n , l ow r e l i e f , and i n d i c e s o f r e f r a c t i o n 1.67
o r I C S E . T h e s e various p r o p e r t i e s i n d i c a t e that t h e nirieral i s the? o r t h o r h o m b i c
a m p h i b o l e known us a n t h o p h y l l i t e .

Chemical a n a l y s i s o f K a r s t A s b e s t o s ( p e r c e n t )
( L e v r i s a n d t . a l k s r , B u t t e , I . o n t a n a )

S i 0 2 56.0
A1 2 0 3 5.8
FeO 8.9
CaO
MgO

I g n . l o s s
( H 2 0 )

1.2
26.0
2.0

D e v e l o p m e n t ; The a s b e s t o s mine is e s s e n t i a l l y an open cut or pit a p p r o x -
i m a t e l y 50 by 100 f e e t in p l a n , but it has been cut into the s t o o p s l o p e as as er i e s o f i r r e g u l a r - b e n c h e s , the workings having f o l l o w e d the b e t t o r grade o f
a sb e s t o s -b ear ing rock, "Veins" of a sbe s to s show throughout all of the p i t .
A b o u t 30 f e e t below the l ev e l of the pit f l o o r , and 40 f e e t southward a 100-
f o o t ad i t has been driven so as to p a s s beneath the s u r f a c e workings. The f i r s t
30 f e e t were in p e g m a t i t e , the next 40 f o o t were in a s b e s t o s - b o a r i n g rock, and
p e g m a t i t e i s at the northern end. T v / c f a u l t s which converge downward a p p e a r to
be be tween the a s b e s t o s rock and the northern and southern b o d i e s of p e g m a t i t e .
A s h a f t n non f i l l e d , connected the adi t and the p i t . S i x t y f e e t north o f the
pit i s an unal t er ed vortical syenite dike t r e n d i n g nor thea s tward. I m m e d i a t e l y
west and east of the p i t , arc e x p o s u r e s of gne i s s .

F i f t e e n hundred f o o t s ou theas t of the open cut low down on the s l o p e a short
adi t a p p a r e n t l y driven into l a n d s l i d e mater ia l encountered showings o f a sbo s to s .
S i x t e en-hundred f e e t S. 75° 1>V. of the cut and at about the same e l e v a t i o n "veins"
of a s b o s t o s shov/ in an area at l e a s t ' 40 f e e t by 75 f o o t , and short a d i t s havo
been driven. The accurronce and the a p p e a r a n c e of the a s b e s t o s in those a d i t s
and on the dumps in f r o n t of them is s i m i l a r to t at in the main p i t , hovever
some mater ia l i s more i n f l e x i b l e and does not f l u f f so r e a d i l y . T h e s e occur-
rences i n d i c a t e pre s ence of a s b e s t o s - b ear ing rock in an area at l ea s t 3000 f o e t
across,.

M i n i n g and K i l l i n g : In mine o p e r a t i o n the mixed a s b e s t o s and rock were
b l a s t e d in the open cut, l o a d e d by hand into cars, and trarimsd about 60 f e e t
to a bin. Some s e l e c t ive mining was prac t i c ed . In one* part of the pit f i v e vein-l ik e b od i e s of a s b e s t o s t o t a l i n g about three f e e t in th i ckne s s show in an e i g h t -f o o t working f a c e , ilore a s b o s t o s shows in other p a r t s of the p i t . A l a r g e dump
of mixed a s b e s t o s and rock has d e v e l o p e d in f r o n t of the p i t , and much of th i smater ia l i s o f m i l l i n g g r a d d .

An aorial tram, c o n s i s t i n g of buckets s u s p e n d e d on a noving cable , carried
the mat t -r ia l about 1650 f e e t f r o m the bin to a smal l m i l l s i t u a t e d 800 f e e t west
of the river and 100 f e e t higher. S i n c e the l o a d e d buckets t r a v e l e d down grade
and the e m p t y buckets up g r a d e , no power was n eded to op era t e the tram, in f a c t
brakes were needed. H o w e v e r , a g a s o l i n e motor was used to s tart the op era t i on .
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At t-.e m i l l the mater ial was crushed, and then p a s s e d through a hammer m i l l
which caused the a s b e s t o s to f l u f f and the rock to crumble. The mat er ia l was
then i n t r o d u c e d into ar. air c l a s s i f i e r c o n s i s t i n g of a r i s i n g column of air in
a cone-shaped c on ta iner . F l u f f e d a s b e s t o s ready f or sh ipment v/a s carried ou t
by the air, and crushed rock f r a r n e n t s s e t t l e d to the bo t t om and were removed.
The a sbe s to s was then sacked in p a p e r bags and trucked to the rai lroad at
G a l l a t i n Gateway. In a l l , 1800 tons o f a s b e s t o s r e p o r t e d t o h&vo been valued
at C35 per ton f.o.b. G a l l a t i n Gatev.-ay are said to have been marketed. E l e c t r i c
power for the m i l l and for l i g h t i n g v/a s generated by a snail h y d r o e l e c t r i c
power p l a n t on Loose Creek on the east s ide of G a l l a t i n uiver, about 1500 f e o t
nor thea s t o f the m i l l .

S e r p e n t i n e A s b e s t o s near C l i f f Lake
Locat i on and d e v e l o p m e n t ; An occurrence of s e rpen t ine asbe s to s ( c h r y s o t i l e )

about 50 m i l e s south of Ennis has been e x p l o r e d , and an a t t e m p t v / a s made to mine
and m i l l tho mineral. The d e p o s i t is in section 25, T. 12 S., R. 2 E. nine
m i l e s by road southeast o f C l i f f Lake Post O f f i c e in a d e e p rugged gul ch
tr ibutary to K i l e Creek. A graded dirt road leaves S t a t e H i g h w a y N o . l near the
Pos t O f f i c e , cro s s e s r ' a d i s o } : Riv-ar on a woocien b r i d g e , and continues across
terraced and r o l l i n g v a l l e y l a n d s to about one mile of the mine where a mine
road l e a d s into the gulch. The d e p o s i t l i a s on the f l a n k of a h i j h rocky range
f a c i n g kadi son Riv«r v a l l e y .

T e r t i a r y "Lake beds"

T e r t i a r y and Cre tac eou s

P a l e o z o i c l ime s t one s

PreCambrian rocks

I R. 2 E.l — — . . - — S c a l e : 1 inch « 2 mi l e s

*Reynolds Pas s* ' 1 *' Peak
F i g u r e 9.—Map shov,inR l o c a t i o n o f C l i f f Lake a sb ea toa d e p o s i t , M a d i s o n County.



The d e p o s i t wa s d i s covered by I s r a e l A. H u t c h e n s about I b 9 0 . S h o r t l y a f t e r
1900 the I d a h o Montana A s b e s t o s Company p r o s p e c t e d it by dr iv ing an adit over
200 f e e t into the mountain. Commercial quant i t i e s of a s b e s t o s v/ er e not f o u n d .
About 30 years la t er a f t e r reorganizat ion and sone p r o s p e c t i n g , the l l o n t b e s t o s
Company was f o r m e d . Large sub s tant ia l b u i l d i n g s were e r e c t e d , hoavy and e labora t e
machinery both for mining and for m i l l i n g was i n s t a l l e d , and a renewed e f f o r t
was made to f i n d commercial d e p o s i t s , and to s e p a r a t e the a s b e s t o s f r o n the rock.
The o p e r a t i o n was u n s u c c e s s f u l , and in 1955 the machinery was taken av;txy, and

I;' I t h e p r o p e r t y wa s abandoned." ' ' I n e l l about 5 0 0 t o 6 0 0 f e e t o f underground a d i t s have been driven, a n d threel arg e s u r f a c e excavations b e s i d e s small p i t s were made into the s t e e p mountains l o p e . K i l l i n g op era t i on s inc luded crushing, wet s cr e ening, and cone c l a s s i f i c a t isome by means of air. T o t a l amount of rock put through the m i l l was s m a l l ,Geology: The s ide of the mountain range in which the d e p o s i t s lie is com-p o s e d of marble , gne i s s , and s ch i s t , p o s s i b l y a part of the Cherry Creek series
of early pre-Cambrian age. The rocks of this area do not c l o s e l y resemble typi ca l
rocks of the Cherry Creek series, and they may be a part of some r e l a t e d pre-

Cambrian series. However , the asbe s to s occurs in a thick marble meriber within
which one- to f i v e - f o o t zones of ye l low-green s erpent ine Mere d e v e l o p e d , appar en t lf o l l o w i n g along, p lane s o f shearing. Bedd ing i s s t e e p l y inc l ined or v e r t i ca l ,
and shearing p lane s are inclined at about 40 degrees.and cut b edding, A dark-co lored igneous rock ( g a b b r o ) was intruded into the marble, and a l t h o u g h not
observed in outcrop near the p i t s , it was encountered in mine workings which ex-t ended into the mountain. No typ i ca l p e g m a t i t e d ike s were observed. Much dir ty-white ouartz , p e g m a t i t i c in c h a r a c t e r ' , H S p r e s e n t ' . i n the marble as thin irregulars t r inger s r ough ly p a r a l l e l to the shearing. Other.-mineral s , p a r t i c u l a r l y a f i b r o u
a m p h i b o l e , arc abundant l o c a l l y . S o n e i o ' f - t h e marble a p p e a r s gray because of in-c l u d e d micro s copi c grains o f magnetitei ' , , ' • ' ' • ; ' - ,

The a s b e s t o s occurs in na.rrow v e i p l e t s ^cutting s e r p e n t i n e and marble , Mostof the v e in l e t s are f r o n 1/16 to 1/2 ihch.in w i d t h ) ' and they commonly extend f our
inches to a f o o t or two b e f o r e p in ch ing "Out, lluimerous v e i n l e t s may occur in azone of s e r p e n t i n e running rough ly ( p a r a l l e l to pach other and to the zone. Some
ve in l e t s appear to cut pure marble^ but there nay have been massive s e r p e n t i n e
present b e f o r e the g r o v / t h o f a s b e s t o s , Thj f i b e r s in the a sb e s t o s l i e at right
angle s to the vein w a l l s , and extend c o m p l e t e l y across the vcinlot s . The total
amount of s e rpen t ine in p r o p o r t i o n to marble is s m a l l , p e r h a p s one or two percent ,
and the amount of a s b e s t o s in p r o p o r t i o n to massive s e rpen t ine is probab ly e q u a l l y
as smal l . The f a i l u r e of the nine a p p e a r s to have boen due mainly to the snail
amount of a s b e s t o s p r e s e n t ; however, so far as known to the writer, no long f i b e r
asb e s t o s is present.

A s b e s t o s near Libby
A m p h i b o l e a sbe s to s occurs with verraicul i t e in a l t e r e d dark-co lored igneousrock ( p y r o x e n i t e ) near Libby, It accurs most abundant ly in the northwes tern partof the area, p a r t i c u l a r l y on the spur north of K e a r n e y Creek. As d e s c r i b e d byLarsen "several bodies . , , are dike-like or tabular in f o r m and of d i f f e r e n twidth s . The l a r g e s t , as e x p o s e d by open cuts, a p p e a r s to be 100 f e e t or morelong and f r o m a few f e e t to 14 f e e t wide .... S a n p l e s r epre s en t ing the d i f f e r e n tb o d i e s show the a m p h i b o l e to be mixed with 1 to 10 per cent of other minera l s ,

c h i e f l y v e rmi cu l i t e and unaltered pyroxene. In other p l a c e s the country rock
is p a r t i c u l a r l y rich in a m p h i b o l e , A sample across a width of 10 f e e t of the
rock as e x p o s e d by a short tunnel contains, in round f i g u r e s , 75 per cent amphibol15 per cent of pyroxenite and apat i t e , and 10 percent of vermiculi te , A sample
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repre s ent ing another body 50 f e e t wide consists of 50 per cent amphibo l e , 30
per cent pyrox cn i t c , and 20 per cent vcrmiculitc."The Libby amphibolo asbes to s r e la t ed to ( t r o m o l i t o ) works up into a f l u f f y
mass s imi lar to the general run of a s b e s t o s , a l though tho f i b e r s ar,e weak and
ine la s t i c and broak into short pieces* Weather ing seems to have produced as o f t e r type of f i b e r . M i l l i n g would be necessary to obtain a commercial prod-uct, and some trouble might be had in s eparat ing the vermiculite. No asbes to shas been marketed f r o m this d e p o s i t which is worked on a large s c a l e forvermiculite. In general it may be said that the Libby asbes tos d e p o s i t s areof minor importance because of small tonnage and low quatity.For a map of the area, and d e s c r ip t i on s of the g e o l o g y of this d e p o s i t ,the reader is r e f e r r e d to the chapter on vermicul i t e in th i s report._____*Pardee, J. T., and Larsen, E. S., D e p o s i t s of vermiculite and other mineralsin the Rainy Creek d i s t r i c t near Libby, Montana* U. S. G e o l . Survey, B u l l ,
805-B, p. Z5j 1929.

Other Occurrences of A s b e s t o s
Hand sample s of asbes tos , both amphibo l e and serpentine, have been pickedup in western Lontana and submit ted to the Montana S c h o o l of K i n e s for ident-i f i ca t i on . Fai lur e to expose large bodies of this material s u g g e s t s that thed e p o s i t s were s m a l l , V / i t h the large amount of igneous intrusion and meta-morphism in this region, it is p o s s i b l e that commercial bodies s t i l l remainundi scovered. However, in western Montana every gulch has been p r o s p e c t e d for

m e t a l l i f e r o u s minerals during the past 80 years, and it would seem unl ike lythat so conspicuous a mineral as a sb e s t o s could be e x p o s e d in commercial
d e p o s i t s , and yet the d e p o s i t s not be made known.
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